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(54) Title: TRP8, TRP9 AND TRP10, NOVEL MARKERS FOR CANCER 

(57) Abstract: The present invention relates to gene expression in normal cells and cells of malignant tumors and particularly to 
novel markers associated with cancer, Trp8, Trp9 and TrplO, and the genes encoding Trp8, Trp9 and TrplO. Also provided are vec- 
tors, host cells, antibodies, and recombinant methods for producing these human proteins. The invention further relates to diagnostic 
and therapeutic methods useful for diagnosing and treating a tumor. 
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FTHTD OF T HE INVENTION 

The present invention relates to gene expression in normal cells and cells of malignant 
tumors and particularly to novel markers associated with cancer, Trp8, Trp9 and TrplO, and 
the genes encoding Trp8, Trp9 and TrplO 

BACKROUND OF THE TECHNOLOGY 

Prostate cancer is one of the most common diseases of older men world wide. Diagnosis and 
monitoring of prostate cancer is difficult because of the heterogeneity of the disease. For 
diagnosis different grades of malignancy can be distinguished according to the Gleason-Score 
Diagnosis. For this diagnosis a prostate tissue sample is taken from the patient by biopsy and 
the morphology of the tissue is investigated. However, this approach only yields subjective 
results depending on the experience of the pathologist. For confirmation of these results and 
for obtaining an early diagnosis an additional diagnostic method can be applied which is 
based on the detection of a prostate specific antigen (PSA). PSA is assayed in serum samples, 
blood samples etc. using an anti-PSA-antibody. However, since in principle PSA is also 
expressed in normal prostate tissue there is a requirement for the definition of a threshold 
value (about 4 ng/ml PSA) in order to be able to distinguish between normal and malign 
prostate tissue. Unfortunately, this diagnostic method is quite insensitive and often yields 
false-positive results. Moreover, by using this diagnostic method any conclusions as regards 
the grade of malignancy, the progression of the tumor and its potential for metastasizing 
cannot be drawn. Thus, the use of molecular markers would be helpful to distinguish benign 
from malign tissue and for grading and staging prostate carcinoma, particularly for patients 
with metastasizing prostate cancer having a very bad prognosis. 

The above discussed limitations and failings of the prior art to provide meaningful specific 
markers which correlate with the presence of prostate tumors, in particular metastasizing 
tumors, has created a need for markers which can be used diagnostically, prognostically and 
therapeutically over the course of this disease. The present invention fulfils such a need by the 
provision of Tpr8, Trp9 and TrplO and the genes encoding Trp8, Trp9 and TrplO: The genes 
encoding Trp8 and TrplO are expressed in prostate carcinoma and prostatic metastasis, but 
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not in normal prostate, benign hyperplasia (BHP) and intraepithelial prostatic neoplasia (PIN). 
Furthermore, expression of TrplO transcripts is detectable in carcinoma but not in healthy 
tissue of the lung, the prostate, the placenta and in melanoma. 

SUMMARY OF THE INVENTION 



The present invention is based on the isolation of genes encoding novel markers associated 
witha cancer, Trp8, Trp9 and TrplO. The new calcium channel proteins Trp8, Trp9 and TrplO 
are members of the trp (transient receptor potential) - family, isolated from human placenta 
(Trp8a and Trp8b) and humane prostate (Trp9, Trp 10a and Trp 10b). Trp proteins belong to a 
steadily growing family of Ca 2+ selective and non selective ion channels. In the recent years 
seven Trp proteins (trpl - trp7) have been identified and suggested to be involved in cation 
entry, receptor operated calcium entry and pheromone sensory signaling. Structurally related 
to the trp proteins are the vanilloid receptor (VR1) and the vanilloid like receptor (VRL-1) 
both involved in nociception triggered by heat Furthermore, two calcium permeable channels 
were identified in rat small intestine (CaTl) and rabbit kidney (ECaC). These distantly related 
channels are suggested to be involved in the uptake of calcium ions from the lumen of the 
small intestine (CaTl) or in the reuptake of calcium ions in the distal tubule of the kidney 
(ECaC). Common features or the Trp and related channels are a proposed structure 
comprising six transmembrane domains including several conserved amino acid motifs. In the 
present invention the cloning and expression of a CaTl like calcium channel (Trp8) from 
human placenta as well as Trp9 and TrplO (two variants, TrplOa and TrplOb) is described. 
Two polymorphic variants of the Trp8 cDNA were isolated from placenta (Trp8a and Trp8b). 
Transient expression of the Trp8b cDNA in HEK (human embryonic kidney) cells results in 
cytosolic calcium overload implicating that the Trp8 channel is constitutive open in the 
expression system. Trp8 induces highly calcium selective inward currents in HEK cells. The 
C -terminus of the Trp8 protein binds calmodulin in a calcium dependent manner. The Trp9 
channel is expressed in trophoblasts and syncytiotrophoblasts of placenta and in pancreatic 
acinar cells. Furthermore, the Trp8 channel is expressed in prostatic carcinoma and prostatic 
metastases, but not in normal tissue of the prostate. No expression of Trp8 transcripts is 
detectable in benign prostatic hyperplasia (BPH) or prostatic intraepithelial neoplasia (PIN). 
Therefore, the Trp8 channel is exclusively expressed in malign prostatic tissues and serves as 
molecular marker for prostate cancer From the experimental results it is also apparent that the 
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modulation of Trp8 and/or TrplO, e.g. the inhibition of expression or activity , is of 
therapeutic interest, e.g. for the prevention of tumor progression. 



The present invention, thus, provides a Trp8, Trp9 and TrplO protein, respectively, as well as 
nucleic acid molecule encoding the protein and, moreover, an antisense RNA, a ribozyme and 
an inhibitor, which allow to inhibit the expression or the activity of Trp8, Trp9 and/or TrplO. 

In one embodiment, the present invention provides a diagnostic method for detecting a 
prostate cancer or endometrial cancer (cancer of the uterus) associated with Trp8 or TrplO in 
a tissue of a subject, comprising contacting a sample containing Trp8 and/or TrplO encoding 
mRNA with a reagent which detects Trp8 and/or TrplO or the corresponding mKNA. 

In a further embodiment, the present invention provides a diagnostic method for detecting a 
melanoma, chorion carcinoma, cancer of the lung and of the prostate in a tissue of a subject, 
comprising contacting a sample with a reagent which detects TrplOa and/or TrplOb antisense 
transcripts or TrplOa and/or TrplOb related antisense transcripts. 

In another embodiment, the present invention provides a method of treating a prostate tumor, 
carcinoma of the lung, carcinoma of the placenta (chorion carcinoma) or melanoma associated 
with Trp8 and/or TrplO, comprising administering to a subject with such an disorder a 
therapeutically effect amount of a reagent which modulates, e.g. inhibits, expression of Trp8 
and/or TrplO or the activity of the protein, e.g. the above described compounds. 

Finally, the present invention provides a method of gene therapy comprising introducing into 
cells of a subject an expression vector comprising a nucleotide sequence encoding the above 
mentioned antisense RNA or ribozyme, in operable linkage with a promoter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: A, phylogenetic relationship of trp and related proteins. B, hydropathy plot of the 
Trp8 protein sequence according to Kyte and Doolittle. C, alignment of T^p8a^ to the 
epithelial calcium channels ECaC (from rabbit) and Vrl (from rat). Putative transmembrane 
domains are underlined. 
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Figure 2: A, polymorphism of the Trp8 gene. The polymorphic variants Trp8a and Trp8b 
differ in five base pairs resulting in three amino acid exchanges in the derived protein 
sequences. Specific primers were derived from the Trp8 gene as indicated by arrows. B, the 
Trp8a and Trp8b genes are distinguishable by a single restriction site. Genomic fragments of 
the Trp8 gene can be amplified using specific primers (shown in A). The genomic fragment of 
the Trp8b gene contains an additional site of the restriction enzyme BSP 12861 (B). C, the 
Trp8 gene is located on chromosome 7. D, genotyping of eleven human subjects. A 458 bp 
genomic fragment of the Trp8 gene was amplified using specific primers (shown in A) and 
restricted with BSP 12861. The resulting fragments were analyzed by PAGE electrophoresis. 

Figure 3: The Trp8b protein is a calcium selective ion channel. A, representative trace of a 
pdiTrp8b transfected HEK 293 cell. Trp8b mediated currents are activated by voltage ramps 
(-100 mV - +100 mV) of 100 msec at -40 mV or +70 mV holding potential. 1, Trp8b currents 
in the presence at 2mm [Ca 2+ ] 0 ;2, effect of solution switch alone 3, switch to nominal zero 
calcium solution. B, Trp8b currents in the presence of zero divalent cations. C, current voltage 
relationship of the currents shown in A. Inset, leak subtracted current. D, current voltage 
relationship of the current shown in B. E, statistics of representative experiments. Black: Trp8 
transfected cells, gray: control cells. Columns from left to right: Trp8 currents at - 40 mV 
(n =12) and + 70 mV holding potential (n = 12). Trp8 currents in standard bath solution 
including 120 mM NMDG without sodium (n = 7) and with nominal zero calcium ions (n = 8) 
or in the presence of ImM EGTA with zero divalent cations (n = 6). F, representative changes 
in [Ca 2+ ]i in Trp8b transfected HEK cells (gray) and controls (black) in the presence or 
absence of ImM [Ca 2+ ] 0 . Inset, relative increase of cytosolic calcium concentration of Trp8b 
transfected HEK cells, before and after readdition of 1 mM [Ca 2+ ] 0 in comparison to control 
cells. 

Figure 4 : The C-terminal region of the Trp8 protein binds calmodulin. A, N- and C-terminal 
fragments of the Trp8 protein used for calmodulin binding studies. B, the Trp8 protein and a 
truncated Trp8 protein which was in vitro translated after Muni cut of the cDNA, which lacks 
the C-terminal 32 amino acid residues, were in vitro translated in the presence of 35 S- 
methionine and incubated with calmodulin coupled agarose beads in the presence of 1 mM 
Ca 2+ or 2mM EGTA C, calmodulin binding to N- and C-terminal fragments of the 
Trp8protein in the presence of Ca 2+ (1 mM) or EGTA (2 mM) 
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Figure 5: Expression pattern of the Trp8 cDNA. A, Northern blots (left panels, Clontech, Palo 
Alto) were hybridized using a 348 bp NcoI/BamHT fragment of the Trp9 cDNA. The probe 
hybridizes to mRNA species isolated from the commercial blot, but not to mRNA species 
isolated from benign prostate hyperplasia (right panel, mRNA isolated from 20 human 
subjects with benign prostate hyperplasia). B,C, in situ hybridization with biotinylated Trp8 
specific oligonucleotides on slides of human tissues. Left column antisense probes, right 
column sense probes. D, antinsense probes. 

Figure 6: Differential expression of Trp8 cDNA in human prostate. A-F, in situ 
hybridization with prostatic tissues. A, normal prostate, B, primary carcinoma, C, benign 
hyperplasia, D, rezidive carcinoma, E, prostatic intraepithelial neoplasia, F, lymphnode 
metastasis of the prostata. 

Figure 7: Trp8a cDNA sequence and derived amino acid sequence 

Figure 8: A, Trp8b cDNA sequence and derived amino acid sequence 

B, cDNA sequence of splice variant 1 (12B1) 

C, cDNA sequence of splice variant 2 (17-3) 

D, cDNA sequence of splice variant 3 (23 A3) 

E, cDNA sequence of splice variant 4 (23 C3) 

Figure 9: A, Trp9 cDNA sequence and derived amino acid sequence B, cDNA sequence of 
splice variant 15 and derived amino acid sequence. . 

Figure 10: A, cDNA sequence of TrplOa and derived amino acid sequence, B, cDNA 
fragment of TrplOa and derived amino acid sequence. 

Fi gure 11: cDNA sequence of TrplOb and derived amino acid sequence. 
Figure 12: Expression of Trp8 mRNA in human endometrial cancer or cancer of the uterus. A 
- D, in situ hybridization with slides of endometrial cancer hybridized with Trp8 antisense 
(left column) or sense probes as controls (right column). E - F, Trp8 antisense probes 
hybridized to slides of normal endometrium. It can be clearly seen no hybridization occurs 
with normal endometrial tissue. 
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Figure 13: Expression of human Trp9 and TrplO genes 

Northern blots were hybridized using Trp9 (upper panel) or TrplO (lower panel) specific 
probes. Expression of the Trp9 cDNA is detectable in many tissues including human prostate 
and colon as well as in benign prostatic hyperplasia. Expression of TrplO cDNA is detectable 
in human prostate of a commercial northern blot (Clontech, right side). This Northern blot 
contains prostatic tissue collected from 15 human subjects in the range of 14 - 60 years of age. 
No expression of TrplO cDNA was detectable in benign prostatic hyperplasia (left side). 

Figure 14 : Expression of TrplO transcripts and TrplO-antisense transcripts in human prostate 
cancer and metastasis of a melanoma. In situ hybridizations of slides hybridized with TrplO- 
antisense (A-E, K-N) and TrplO related sense probes (F-J, P-R). It can clearly be seen that 
both probes detect the same cancer cells indicating that these cancer cells express TrplO 
transcripts as well as TrplO-antisense transcripts. S, no TrplO expression is detectable in 
benign hyperplasia of the prostate (BPH). O and T, show expression of TrplO transcripts (O) 
and TrplO-antisense transcripts (T) in a metastasis of a melanoma in human lung. Melanoma 
cancer cells express both TrplO transcripts and TrplO-antisense transcripts. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an isolated nucleic acid molecule encoding the human 
prostate carcinoma associated protein Trp8a, Trp8b, Trp9, TrplOa or TrplOb or a protein 
exhibiting biological properties of Trp8a, Trp8b, Trp9, TrplOa or TrplOb and being selected 
from the group consisting of 

(a) a nucleic acid molecule encoding a protein that comprises the amino acid sequence 
depicted in Figure 7, 8A, 9,10 or 1 1; 

(b) a nucleic acid molecule comprising the nucleotide sequence depicted in Figure 7, 8A, 
9,10, or 11; 

(c) a nucleic acid molecule included in DSMZ Deposit no. DSM 13579 (deposit date: 28 
June 2000), DSM 13580 (deposit date: 28 June 2000), DSM 13584 (deposit date: 5 
July 2000), DSM 13581 (deposit date: 28 June 2000) or DSM ....(deposit date:....); 

(d) a nucleic acid molecule with hybridizes to a nucleic acid molecule specified in (a) to 
(o) 
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(e) a nucleic acid molecule the nucleic acid sequence of which deviates from the nucleic 
sequences specified in (a) to (d) due to the degeneration of the genetic code; and 

(f) a nucleic acid molecule, which represents a fragment, derivative or allelic variation of 
a nucleic acid sequence specified in (a) to (e). 

As used herein, a protein exhibiting biological properties of Trp8a, Trp8b, Trp9,Trpl0a or 
TrplOb is understood to be a protein having at least one of the activities as illustrated in the 
Examples, below. 

As used herein, the term „isolated nucleic acid molecule,, includes nucleic acid molecules 
substantially free of other nucleic acids, proteins, lipids, carbohydrates or other materials with 
which it is naturally associated. 

In a first embodiment, the invention provides an isolated nucleic acid molecule encoding the 
human prostate carcinoma associated protein Trp8a, Trp8b, Trp9,Trpl0a or TrplOb 
comprising the amino acid sequence depicted in Figure 7, 8 A, 9,10 or 11. The present 
invention also provides a nucleic acid molecule comprising the nucleotide sequence depicted 
in Figure 7, 8A, 9,10 or 11. 



The present invention provides not only the generated nucleotide sequence identified in 
Figure 7, 8 A, 9,10 or 11, respectively and the predicted translated amino acid sequence, 
respectively, but also plasmid DNA containing a Trp8a cDNA deposited with the DSMZ, 
under DSM 13579, a Trp8b cDNA deposited with the DSMZ, under DSM 13580, a Trp9 
cDNA deposited with the DSMZ, under DSM 13584, a TrplOa cDNA deposited with the 
DSMZ, under DSM 13581, and a TrplOb cDNA deposited with the DSMZ, under DSM...., 
respectively. The nucleotide sequence of each deposited Trp-clone can readily be determined 
by sequencing the deposited clone in accordance with known methods. The predicted amino 
acid sequence can then be verified from such deposits. Moreover, the amino acid sequence of 
the protein encoded by each deposited clone can also be directly determined by peptide 
sequencing or by expressing the protein in a suitable host cell containing the deposited Trp- 
encoding DNA, collecting the protein, and determining its sequence. 

The nucleic acid molecules of the invention can be both DNA and RNA molecules. Suitable 
DNA molecules are, for example, genomic or cDNA molecules. It is understood that all 
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nucleic acid molecules encoding all or a portion of Trp8a, Trp8b, Trp9,Trpl0a or TrplOb are 
also included, as long as they encode a polypeptide with biological activity. The nucleic acid 
molecules of the invention an be isolated from natural sources or can be synthesized 
according to know methods. 

The present invention also provides nucleic acid molecules which hybridize to the above 
nucleic acid molecules. As used herein, the term „hybridize„ has the meaning of hybridization 
under conventional hybridization conditions, preferably under stringent conditions as 
described, for example, in Sambrook et al., Molecular Cloning, A Laboratory Manual 2 nd 
edition (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY. Also 
contemplated are nucleic acid molecules that hybridize to the Trp nucleic acid molecules at 
lower stringency hybridization conditions. Changes in the stringency of hybridization and 
signal detection are primarily accomplished through the manipulation of formamide 
concentration (lower percentages of formamide result in lowered stringency), salt conditions, 
or temperature. For example, lower stringency conditions include an overnight incubation at 
37°Cin a solution comprising 6X SSPE (20X SSPE = 3M NaCl; 9.2M NaHaPO^ 0.02M 
EDTA, pH7.4), 0.5% SDS, 30% formamide, 100 ng/ml salmon sperm blocking DNA, 
following by washes at 50°C with 1 X SSPE, 0.1% SDS. In addition, to achieve even lower 
stringency, washes performed following stringent hybridization can be done at higher salt 
concentrations (e.g. 5X SSC). Variations in the above conditions may be accomplished 
through the inclusion and/or substitution of alternate blocking reagents used to suppress 
background in hybridization experiments. The inclusion of specific blocking reagents may 
require modification of the hybridization conditions described above, due to problems with 
compatibility. 

Nucleic acid molecules that hybridize to the molecules of the invention can be isolated, e.g., 
from genomic or cDNA libraries that were produced from human cell lines or tissues. In order 
to identify and isolate such nucleic acid molecules the molecules of the invention or parts of 
these molecules or the reverse complements of these molecules can be used, for example by 
means of hybridization according to conventional methods (see, e.g., Sambrook et al., supra). 
As a hybridization probe nucleic acid molecules can be used, for example, that have exactly 
or basically the nucleotide sequence depicted in Figure 7, 8A, 9,10 or 11, respectively, or 
parts of these sequences. The fragments used as hybridization probe can be synthetic 
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fragments that were produced by means of conventional synthetic methods and the sequence 
of which basically corresponds to the sequence of a nucleic acid molecule of the invention. 



The nucleic acid molecules of the present invention also include molecules with sequences 
that are degenerate as a result of the genetic code. 

In a further embodiment, the present invention provides nucleic acid molecules which 
comprise fragments, derivatives and allelic variants of the nucleic acid molecules described 
above encoding a protein of the invention. fragments,, are understood to be parts of the 
nucleic acid molecules that are long enough to encode one of the described proteins. These 
fragments comprise nucleic acid molecules specifically hybridizing to transcripts of the 
nucleic acid molecules of the invention. These nucleic acid molecules can be used, for 
example, as probes or primers in the diagnostic assay and/or kit described below and, 
preferably, are oligonucleotides having a length of at least 10, in particular of at least 15 and 
particularly preferred of at least 50 nucleotides. The nucleic acid molecules and 
oligonucleotides of the invention can also be used, for example, as primers for a PGR 
reaction. Examples of particular useful probes (primers) are shown in Tables 1 and 2. 

Table 1 

Trp8 probes used for in situ hybridization: 
Probes (antisense) 

1. ) 5' TCCGCTGCCGGTTGAGATCTTGCC 3' 

2. ) 5' CTTGCTCCATAGGCAGAGAATTAG 3' 

3. ) 5' ATCCTC AGAGCCCCGGGTGTGGAA3 * 

Controls (sense) 

1. ) 5 a GGCAAGATCTCAACCGGCAGCGGA 3' 

2. ) 5' CTAATTCTCTGCCTATGGAGCAAG 3' 

3. ) 5' TTCCACACCCGGGGCTCTGAGGAT 3' 

Tabelle2 

TrplO probes used for the in situ hybridizations shown in Figure 14: 
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Probes (antisense) 

1. ) 5' GCTTCCACCCCAAGCTTCACAGGAATAGA 3' (Figure 14 A, 14B) 

2. ) ¥ GGCGATGAAATGCTGGTCTGTGGC 3' (Figure 14C, 14D, 14N, 14S, 140) 

3. ) 5' ATCTTCCAGTTCTTGGTGTCTCGG 3' (Figure 14E, 14K) 

4. ) 5' GCTGCAGTACTCCTGCACCAGGAA 3' (Figure 14L, 14M) 

Probes (sense) 

1. ) 5' TCTATTCCTGTGAAGCTTGGGGTGGAAGC 3' (Figure 14F, 14G) 

2. ) 5' GCCACAGACCAGCATTTCATCGCC 3' (Figure 14H, 141, 14T) 

3. ) 5' CCGAGACACCAAGAACTGGAAGAT 3' (Figure 14J, 14P) 

4. ) 5' TTCCTGGTGCAGGAGTACTGCAGC 3' (Figure 14Q, 14R) 

The term „derivative„ in this context means that the sequences of these molecules differ from 
the sequences of the nucleic acid molecules described above at one or several positions but 
have a high level of homology to these sequences. Homology hereby means a sequence 
identity of at least 40%, in particular an identity of at least 60%, preferably of more than 80% 
and particularly preferred of more than 90%. These proteins encoded by the nucleic acid 
molecules have a sequence identity to the amino acid sequence depicted in Figure 7, 8 A, 9, 10 
and 11, respectively, of at least 80%, preferably of 85% and particularly preferred of more 
than 90%, 97% and 99%. The deviations to the above-described nucleic acid molecules may 
have been produced by deletion, substitution, insertion or recombination. The definition of the 
derivatives also includes splice variants, e.g. the splice variants shown in Figures 8B to 8E 
and 9B. 

The nucleic acid molecules that are homologous to the above-described molecules and that 
represent derivatives of these molecules usually are variations of these molecules that 
represent modifications having the same biological function. They can be naturally occurring 
variations, for example sequences from other organisms, or mutations that can either occur 
naturally or that have been introduced by specific mutagenesis. Furthermore the variations can 
be synthetically produced sequences. The allelic variants can be either naturally occurring 
variants or synthetically produced variants or variants produced by recombinant DNA 
processes. 
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Generally, by means of conventional molecular biological processes it is possible (see, e.g., 
Sambrook et al., supra) to introduce different mutations into the nucleic acid molecules of the 
invention. As a result Trp proteins or Tip related proteins with possibly modified biological 
properties are synthesized. One possibility is the production of deletion mutants in which 
nucleic acid molecules are produced by continuous deletions from the 5'- or 3 '-terminal of the 
coding DNA sequence and that lead to the synthesis of proteins that are shortened 
accordingly. Another possibility is the introduction of single-point mutation at positions 
where a modification of the amino aid sequence influences, e.g., the ion channel properties or 
the regulations of the trp-ion channel. By this method muteins can be produced, for example, 
that possess a modified ion conducting pore, a modified Km-value or that are no longer subject 
to the regulation mechanisms that normally exist in the cell, e.g. with regard to allosteric 
regulation or covalent modification. Such muteins might also be valuable as therapeutically 
useful antagonists of Trp8a, Trp8b, Trp9,Trpl0a or Trp 10b, respectively. 

For the manipulation in prokaryotic cells by means of genetic engineering the nucleic acid 
molecules of the invention or parts of these molecules can be introduced into plasmids 
allowing a mutagenesis or a modification of a sequence by recombination of DNA sequences. 
By means of conventional methods (cf. Sambrook et al., supra) bases can be exchanged and 
natural or synthetic sequences can be added. In order to link the DNA fragments with each 
other adapters or linkers can be added to the fragments. Furthermore, manipulations can be 
performed that provide suitable cleavage sites or that remove superfluous DNA or cleavage 
sites. If insertions, deletions or substitutions are possible, in vitro mutagenesis, primer repair, 
restriction or ligation can be performed. As analysis method usually sequence analysis, 
restriction analysis and other biochemical or molecular biological methods are used. 

The proteins encoded by the various variants of the nucleic acid molecules of the invention 
show certain common characteristics, such as ion channel activity, molecular weight, 
immunological reactivity or conformation or physical properties like the electrophoretical 
mobilty, chromatographic behavior, sedimentation coefficients, solubility, spectroscopic 
properties, stability; pH optimum, temperature optimum. 

The invention furthermore relates to vectors containing the nucleic acid molecules of the 
invention. Preferably, they are plasmids, cosmids, viruses, bacteriophages and other vectors 
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usually used in the field of genetic engineering. Vectors suitable for use in the present 
invention include, but are not limited to the T7-based expression vector for expression in 
mammalian cells and baculovirus-derived vectors for expression in insect cells. Preferably, 
the nucleic acid molecule of the invention is operatively linked to the regulatory elements in 
the recombinant vector of the invention that guarantee the transcription and synthesis of an 
RNA in prokryotic and/or eukaryotic cells that can be translated. The nucleotide sequence to 
be transcribed can be operably linked to a promoter like a T7, metallothionein I or polyhedrin 
„ promoter. 

In a further embodiment, the present invention relates to recombinant host cells transiently or 
stable containing the nucleic acid molecules or vectors or the invention. A host cell is 
understood to be an organism that is capable to take up in vitro recombinant DNA and, if the 
case may be, to synthesize the proteins encoded by the nucleic acid molecules of the 
invention. Preferably, these cells are prokaryotic or eukaryotic cells, for example mammalian 
cells, bacterial cells, insect cells or yeast cells. The host cells of the invention are preferably 
characterized by the fact that the introduced nucleic acid molecule of the invention either is 
heterologous with regard to the transformed cell, i.e. that it does not naturally occur in these 
cells, or is localized at a place in the genome different from that of the corresponding 
naturally occurring sequence. 

A further embodiment of the invention relates to isolated proteins exhibiting biological 
properties of the human prostate carcinoma associated protein Trp8a, Trp8b, Trp9,Trpl0a or 
TrplOb and being encoded by the nucleic acid molecules of the invention, as well as to 
methods for their production, whereby, e.g., a host cell of the invention is cultivated under 
conditions allowing the synthesis of the protein and the protein is subsequently isolated from 
the cultivated cells and/or the culture medium. Isolation and purification of the recombinantly 
produced proteins may be carried out by conventional means including preparative 
chromatography and affinity and immunological separations involving affinity with an anti- 
Trp8a-, anti-Trp8b-, anti-Trp9-,anti-Trpl0a- or anti-Trpl Ob-antibody, respectively. 

As used herein, the term „isolated protein,, includes proteins substantially free of other 
proteins, nucleic acids, lipids, carbohydrates or other materials with which it is naturally 
associated. Such proteins however not only comprise recombinantly produced proteins but 
include isolated naturally occurring proteins, synthetically produced proteins, or proteins 
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produced by a combination of these methods. Means for preparing such proteins are well 
understood in the art. The Trp proteins are preferably in a substantially purified form. A 
recombinantly produced version of a human prostate carcinoma associated protein Trp8a, 
Trp8b, Trp9,Trpl0a or TrplOb protein, including the secreted protein, can be substantially 
purified by the one-step method described in Smith and Johnson, Gene 67; 3 1-40 (1988). 

In a further preferred embodiment, the present invention relates to an antisense RNA 
sequence characterised that it is complementary to an mRNA transcribed from a nucleic acid 
molecule of the present invention or a part thereof and can selectively bind to said mRNA, 
said sequence being capable of inhibiting the synthesis of the protein encoded by said nucleic 
acid molecules, and a ribozyme characterised in that it is complementary to an mRNA 
transcribed from a nucleic acid molecule of the present invention or a part thereof and can 
selectively bind to and cleave said mRNA, thus inhibiting the synthesis of the proteins 
encoded by said nucleic acid molecules. Riboyzmes which are composed of a single RNA 
chain are RNA enzymes, i.e. catalytic RNAs, which can intermolecularly cleave a target 
RNA, for example the mRNA transcribed from one of the Trp genes. It is now possible to 
construct ribozymes which are able to cleave the target RNA at a specific site by following 
the strategies described in the literature, (see, e.g., Tanner et al, in: Antisense Research and 
Applications, CRC Press Inc. (1993), 415-426). The two main requirements for such 
ribozymes are the catalytic domain and regions which are complementary to the target RNA 
and which allow them to bind to its substrate, which is a prerequisite for cleavage. Said 
complementary sequences, i.e., the antisense RNA or ribozyme, are useful for repression of 
Trp8a-, Trp8b, Trp9-,Trpl0a- and Trp 1 Ob-expression, respectively, i.e. in the case of the 
treatment of a prostate cancer or endometrial cancer (carcinoma of the uterus). Preferably, the 
antisense RNA and ribozyme of the invention are complementary to the coding region. The 
person skilled in the art provided with the sequences of the nucleic acid molecules of the 
present invention will be in a position to produce and utilise the above described antisense 
RNAs or ribozymes. The region of the antisense RNA and ribozyme, respectively, which 
shows complementarity to the mRNA transcribed from the nucleic acid molecules of the 
present invention preferably has a length of at least 10, in particular of at least 15 and 
particularly preferred of at least 50 nucleotides. 

In still a further embodiment, the present invention relates to inhibitors of Trp8a, Trp8b, Trp9, 
TrplOa and TrplOb, respectively, which fulfill a similar purpose as the antisense RNAs or 
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ribozymes mentioned above, i.e. reduction or elimination of biologically active Trp8a, Trp8b, 
Trp9, TrplOa or TrplOb molecules. Such inhibitors can be, for instance, structural analogues 
of the corresponding protein that act as antagonists. In addition, such inhibitors comprise 
molecules identified by the use of the recombinantly produced proteins, e.g. the 
recombinantly produces protein can be used to screen for and identify inhibitors, for example, 
by exploiting the capability of potential inhibitors to bind to the protein under appropriate 
conditions. The inhibitors can, for example, be identified by preparing a test mixture wherein 
the inhibitor candidate is incubated with Trp8a, Trp8b, Trp9, TrplOa or TrplOb, respectively, 
under appropriate conditions that allow Trp8a, Trp8b, Trp9, TrplOa or TrplOb to be in a 
native conformation Such an in vitro test system can be established according to methods 
well known in the art. Inhibitors can be identified, for example, by first screening for either 
synthetic or naturally occurring molecules that bind to the recombinantly produced Trp 
protein and then, in a second step, by testing those selected molecules in cellular assays for 
inhibition of the Trp protein, as reflected by inhibition of at least one of the biological 
activities as described in the examples, below. Such screening for molecules that bind Trp8a, 
Trp8b, Trp9, TrplOa or TrplOb could easily performed on a large scale, e.g. by screening 
candidate molecules from libraries of synthetic and/or natural molecules. Such an inhibitor is, 
e.g., a synthetic organic chemical, a natural fermentation product, a substance extracted from 
a microorganism, plant or animal, or a peptide. Additional examples of inhibitors are specific 
antibodies, preferably monoclonal antibodies. Moreover, the nucleic sequences of the 
invention and the encoded proteins can be used to identify further factors involved in tumor 
development and progression. In this context it should be emphasized that the modulation of 
the calcium channel of a member of the trp family can result in the stimulation of the immune 
response of T lymphocytes leading to proliferation of the T lymphocytes. The proteins of the 
invention can, e.g., be used to identify further (unrelated) proteins which are associated with 
the tumor using screening methods based on protein/protein interactions, e.g. the two-hybrid- 
system Fields, S. and Song, O. (1989) Nature (340): 245-246. 

The present invention also provides a method for diagnosing a prostate carcinoma which 
comprises contacting a target sample suspected to contain the protein Trp8a, Trp8b, TrplOa 
and/or TrplOb or the Trp8a, Trp8b, TrplOa and/or TrplOb encoding mRNA with a reagent 
which reacts with Trp8a, Trp8b, TrplOa and/or TrplOb or the Trp8a, Trp8b, TrplOa and/or 
TrplOb encoding mRNA and detecting Trp8a, Trp8b, TrplOa and/or TrplOb or Trp8a, Trp8b, 
TrplOa and/or Trp 10b encoding mRNA. 
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It has been found that carcinoma cells of placenta (chorion carcinoma), lung and prostate 
express TrplO transcripts as well as TrplO antisense transcripts and transcripts being in part 
complementary to TrplO antisense transcripts. Accordingly, the present invention also 
provides a method for diagnosing a melanoma, chorion carcinoma, cancer of the lung and of 
the prostate in a tissue of a subject, comprising contacting a sample with a reagent which 
detects Trpl 0a and/or Trpl Ob antisense RNA 

When the target is mRNA (or antisense KNA), the reagent is typically a nucleic acid probe or 
a primer for PGR. The person skilled in the art is in a position to design suitable nucleic acids 
probes based on the information as regards the nucleotide sequence of Trp8a, Trp8b, TrplOa 
or TrplOb as depicted in figure 7, 8a, 10 and 11, respectively, or tables 1 and 2, above. When 
the target is the protein, the reagent is typically an antibody probe. The term „antibody", 
preferably, relates to antibodies which consist essentially of pooled monoclonal antibodies 
with different epitopic specifities, as well as distinct monoclonal antibody preparations. 
Monoclonal antibodies are made from an antigen containing fragments of the proteins of the 
invention by methods well known to those skilled in the art (see, e.g., Kohler et al., Nature 
256 (1975), 495). As used herein, the term „antibody" (Ab) or „monoclonal antibody" (Mab) 
is meant to include intact molecules as well as antibody fragments (such as, for example, Fab 
and F(ab') 2 fragments) which are capable of specifically binding to protein. Fab and f(ab')2 
fragments lack the Fc fragment of intact antibody, clear more rapidly from the circulation, and 
may have less non-specific tissue binding than an intact antibody. (Wahl et al., J. Nucl. Med. 
24: 316-325 (1983)). Thus, these fragments are preferred, as well as the products of a FAB or 
other immunoglobulin expression library. Moreover, antibodies of the present invention 
include chimerical, single chain, and humanized antibodies. The target cellular component, 
i.e. Trp8a, Trp8b, TrplOa and/or TrplOb or Trp8a, Trp8b, TrplOa and/or TrplOb encoding 
mRNA or TrplOa/b antisense transcripts, e.g., in biological fluids or tissues, may be detected 
directly in situ, e.g. by in situ hybridization (e.g., according to the examples, below) or it may 
be isolated from other cell components by common methods known to those skilled in the art 
before contacting with a probe. Detection methods include Northern blot analysis, RNase 
protection, in situ methods, e.g. in situ hybridization, in vitro amplification methods (PCR, 
LCR, QRNA replicase or RNA-transcription/amplification (TAS, 3SR), reverse dot blot 
disclosed in EP-B1 O 237 362)), immunoassays, Western blot and other detection assays that 
are known to those skilled in the art. 
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Products obtained by in vitro amplification can be detected according to established methods, 
e.g. by separating the products on agarose gels and by subsequent staining with ethidium 
bromide. Alternatively, the amplified products can be detected by using labeled primers for 
amplification or labeled dNTPs. 

The probes can be detectable labeled, for example, with a radioisotope, a bioluminescent, 
compound, a chemiluminescent compound, a fluorescent compound, a metal chelate, or an 
enzyme. 

Expression of Trp8a, Trp8b, TrplOa and TrplOb, respectively, in tissues can be studied with 
classical immunohistological methods (Jalkanen et al., J. Cell. Biol. 101 (1985), 976-985; 
Jalkanen et al., J. Cell. Biol. 105 (1987), 3087-3096; Sobol et al. Clin. Immunpathol. 24 
(1982), 139-144; Sobol et al., Cancer 65 (1985), 2005-2010). Other antibody based methods 
useful for detecting protein gene expression include immunoassays, such as the enzyme 
linked immunosorbent assay (ELISA) and the radioimmunoassay (RIA). Suitable antibody 
assay labels are known in the art and include enzyme labels, such as, glucose oxidase, and 
radioisotopes, such as iodine ( 125 1, 121 I), carbon ( 14 C), sulfur ( 35 S), tritium ( 3 H), indium ( U2 In), 
and technetium rhodamine, and biotin. In addition to assaying Trp8a, Trp8b, Tip 10a or 
TrplOb levels in a biological sample, the protein can also be detected in vivo by imaging. 
Antibody labels or markers for in vivo imaging of protein include those detectable by X- 
radiography, NMR or ESR. For X-radiography, suitable labels include radioisotopes such as 
barium or cesium, which emit detectable radiation but are not overtly harmful to the subject. 
Suitable markers for NMR and ESR include those with a detectable characteristic spin, such 
as deuterium, which may be incorporated into the antibody by labeling of nutrients for the 
relevant hybridoma. A protein-specific antibody or antibody fragment which has been labeled 

• • 131 112 

with an appropriate detectable imaging moiety, such as a radioisotope (for example, I, In, 
99 mTc), a radio-opaque substance, or a material detectable by nuclear magnetic resonance, is 
introduced (for example, parenterally, subcutaneously, or intraperitoneally) into the mammal. 
It will be understood in the art that the size of the subject and the imaging system used will 
determine the quantity of imaging moiety needed to produce diagnostic images. In the case of 
a radioisotope moiety, for a human subject, the quantity of radioactivity injected will normally 
range from about 5 to 20 millicuries of "mTc. The labeled antibody or antibody fragment will 
then preferentially accumulate at he location of cells which contain the specific protein. In 



16 



WO 02/10382 PCT/EP01/08309 
vivo tumor imaging is described in S.W. Burchiel et al., ,,Immunopharmacokinetics of 
Radiolabeled Antibodies and Their Fragments". (Chapter 13 in Tumor Imaging: The 
Radiochemical Detection of Cancer, S.W. Burchiel and B.A. Rhodes, eds., Masson 
Publishing Inc. (1982)). 

The marker Trp8a and Trp8b is also useful for prognosis, for monitoring the progression of 
the tumor and the diagnostic evaluation of the degree of malignancy of a prostate tumor 
(grading and staging), e.g. by using in situ hybridization: In a primary carcinoma Trp8 is 
expressed in about 2 to 10% of carcinoma cells, in a rezidive carcinoma in about 10 to 60% of 
cells and in metastases in about 60 to 90% of cells. 

The present invention also relates to a method for diagnosing endometrial cancer (cancer of 
the uterus) which comprises contacting a target sample suspected to contain the protein Trp8a 
and/or Trp8b or the Trp8a and/or Trp8b encoding mRNA with a reagent which reacts with 
Trp8a and/or Trp8b or the encoding mRNA and detecting Trp8a and/or Trp8b encoding 
mRNA. As regards particular embodiments of this method reference is made to the particular 
embodiments of the method of diagnosing a prostate cancer outlined above. 

For evaluating whether the concentration of Trp8a, Trp8b, TrplOa or TiplOb or the 
concentration of Trp8a, Trp8b, TrplOa or TrplOb encoding mRNA is normal or increased, 
thus indicative for the presence of a malignant tumor, the measured concentration is compared 
with the concentration in a normal tissue, preferably by using the ratio of Trp8a:Trp9, 
Trp8b:Trp9 or Trpl0(a or b)/Trp9 for quantification. 

Since the prostate carcinoma forms its own basement membrane when growing invasively, it 
can be concluded that only cells expressing Trp8 and TrplO are involved in this phenomenon. 
Thus, it can be concluded that by inhibiting the expression and/or activity of these proteins an 
effective therapy of cancers like PC A is provided. 

Thus, the present invention also relates to a pharmaceutical composition containing a reagent 
which decreases or inhibits Trp8a, Trp8b, TrplOa and/or TrplOb expression or the activity of 
Trp8a, Trp8b, TrplOa and/or TrplOb, and a method for preventing, treating, or ameliorating a 
prostate tumor, endometrial cancer (uterine carcinoma) tumor, a chorion carcinoma, cancer of 
the lung or melanoma, which comprises administering to a mammalian subject a 
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therapeutically effective amount of a reagent which decreases or inhibits Trp8a, Trp8b, 
TrplOa and/or TrplOb expression or the activity of Trp8a 5 Trp8b, TrplOa and/or TrplOb. 
Examples of such reagents are the above described , antisense RNAs, ribozymes or inhibitors, 
e.g. specific antibodies. Furthermore, peptides, which inhibit or modulate the biological 
function of Trp8a, Trp8b, Trp9, TiplOa and/or TrplOb may be useful as therapeutical 
reagents. For example, these peptides can be obtained by screening combina torial phage 
display libraries (Cosmix, Braunschweig, Germany) as described by Rottgen, P. and Collins, 
J. (Gene (1995) 164 (2): 243-250). Furthermore, antigenic epitopes of the Trp8 and TrplO 
proteins can be identified by the expression of recombinant Trp8 and TrplO epitope libraries 
in E. coli (Marquart, A. & Flockerzi, V., FEBS Lett. 407 (1997), 137-140; Trost, C, et aL, 
FEBS Lett. 451 (1999) 257-263 and the consecutive screening of these libraries with serum of 
patients with cancer of the prostate or of the endometrium. Those Trp8 and TrplO epitopes 
which are immunogenic and which lead to the formation of antibodies in the serum of the 
patients can be then be used as Trp8 or TrplO derived peptide vaccines for immune inventions 
against cancer cells which express Trp8 or TrplO. Alternatively to the E. coli expression 
system, Trp8 or TrplO or epitopes of Trp8 and TrplO can be expressed in mammalian cell 
lines such as human embryonic kidney (Hek 293) cells (American Type Culture Collection, 
ATCC CRL 1573). 

Finally, compounds useful for therapy of the above described diseases comprise compounds 
which act as antagonists or agonists on the ion channels Trp8, Trp9 and TrplO. It could be 
shown that Trp8 is a highly calcium selective ion channel which in the presence of 
monovalent (namely sodium) and divalent ions (namely calcium) is only permeable for 
calcium ions (see Example 4, below, and Figures 3A, C, E). Under physiological conditions, 
Trp8 is a calcium selective channel exhibiting large inward currents. This very large 
conductance of Trp8 channels (as wells as Trp9 and TrplOa/b channels) is useful to establish 
systems for screening pharmacological compounds interacting with Trp-channels including 
high throughput screening systems. Useful high throughput screening systems are well known 
to the person skilled in the art and include, e.g., the use of cell lines stably or transiently 
transfected with DNA sequences encoding Trp8, Trp9 and TrplO channels in assays to detect 
calcium signaling in biological systems. Such systems include assays based on Ca-sensitive 
dyes such as aequorin, apoaequorin, Fura-2, Fluo-3 and Indo-1. 
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Accordingly, the present invention also relates to a method for identifying compounds which 
act as agonists or antagonists on the ion channels Trp8, Trp9 and/or Trp 10, said method 
comprising contacting a test compound with the ion channel Trp8, Trp9 and/or Trp 10, 
preferably by using a system based on cells stably or transiently transfected with DNA 
sequences encoding Trp8, Trp9 and/or Trp 10, and determining whether said test compound 
affects the calcium uptake. 

For administration the above described reagents are preferably combined with suitable 
pharmaceutical carriers. Examples of suitable pharmaceutical carriers are well known in the 
art and include phosphate buffered saline solutions, water, emulsions, such as oil/water 
emulsions, various types of wetting agents, sterile solutions etc. Such carriers can be 
formulated by conventional methods and can be administered to the subject at a suitable dose. 
Administration of the suitable compositions may be effected by different ways, e.g. by 
intravenous, intraperetoneal, subcutaneous, intramuscular, topical or intradermal 
administration. The route of administration, of course, depends on the nature of the tumor and 
the kind of compound contained in the pharmaceutical composition. The dosage regimen will 
be determined by the attending physician and other clinical factors. As is well known in the 
medical arts, dosages for any one patient depends on many factors, including the patient's 
size, body surface area, age, sex, the particular compound to be administered, time and route 
of administration, the kind and stage of the tumor, general health and other drugs being 
administered concurrently. 

The delivery of the antisense RNAs or ribozymes of the invention can be achieved by direct 
application or, preferably, by using a recombinant expression vector such as a chimeric virus 
containing these compounds or a colloidal dispersion system. By delivering these nucleic 
acids to the desired target, the intracellular expression of Trp8a, Trp8b, TrplOa and/or TrplOb 
and, thus, the level of Trp8a, Trp8b, TrplOa and/or TrplOb can be decreased resulting in the 
inhibition of the negative effects of Trp8a, Trp8b, TrplOa and/or TrplOb, e.g. as regards the 
metastasis formation of PC A 

Direct application to the target site can be performed, e.g., by ballistic delivery, as a colloidal 
dispersion system or by catheter to a site in artery. The colloidal dispersion systems which can 
be used for delivery of the above nucleic, acids include macromolecule complexes, 
nanocapsules, microspheres, beads and lipid-based systems including oil-in-water emulsions 
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(mixed), micelles, liposomes and lipoplexes, The preferred colloidal system is a liposome. 
The composition of the liposome is usually a combination of phospholipids and steroids, 
especially cholesterol The skilled person is in a position to select such liposomes which are 
suitable for the delivery of the desired nucleic acid molecule. Organ-specific or cell-specific 
liposomes can be used in order to achieve delivery only to the desired tumor. The targeting of 
liposomes can be carried out by the person skilled in the art by applying commonly known 
methods. This targeting includes passive targeting (utilizing the natural tendency of the 
liposomes to distribute to cells of the RES in organs which contain sinusoidal capillaries) or 
active targeting (for example by coupling the liposome to a specific ligand, e.g., an antibody, 
a receptor, sugar, glycolipid, protein etc., by well known methods). In the present invention 
monoclonal antibodies are preferably used to target liposomes to specific tumors via specific 
cell-surface ligands. 

Preferred recombinant vectors useful for gene therapy are viral vectors, e.g. adenovirus, 
herpes virus, vaccinia, or, more preferably, an RNA virus such as a Retrovirus. Even more 
preferably, the retroviral vector is a derivative of a murine or avian retrovirus. Examples of 
such retroviral vectors which can be used in the present invention are: Moloney murine 
leukemia virus (MoMuLV), Harvey murine sarcoma virus (HaMuSV), murine mammary 
tumor virus (MuMTV) and Rous sarcoma virus (RSV). Most preferably, a non-human 
primate retroviral vector is employed, such as the gibbon ape leukemia virus (GaLV), 
providing a broader host range compared to murine vectors. Since recombinant retroviruses 
are defective, assistance is required in order to produce infectious particles. Such assistance 
can be provided, e.g., by using helper cell lines that contain plasmids encoding all of the 
structural genes of the retrovirus under the control of regulatory sequences within the LTR. 
Suitable helper cell lines are well known to those skilled in the art. Said vectors can 
additionally contain a gene encoding a selectable marker so that the transduced cells can be 
identified. Moreover, the retroviral vectors can be modified in such a way that they become 
target specific. This can be achieved, e.g., by inserting a polynucleotide encoding a sugar, a 
glycolipid, or a protein, preferably an antibody. Those skilled in the art know additional 
methods for generating target specific vectors. Further suitable vectors and methods for in 
vitro- or in vivo-gene therapy are described in the literature and are known to the persons 
skilled in the art; see, e.g., WO 94/29469 or WO 97/00957. 
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In order to achieve expression only in the target organ, i.e. tumor to be treated, the nucleic 
acids encoding, e.g. an antisense KNA or ribozyme can also be operably linked to a tissue 
specific promoter and used for gene therapy. Such promoters are well known to those skilled 
in the art (see e.g. Zimmermann et al., (1994) Neuron 12, 1 1-24; Vidal et aL; (1990) EMBO J. 
9, 833-840; Mayford et al., (1995), Cell 81, 891-904; Pinkert et al., (1987) Genes & Dev. I, 
268-76). 

For use in the diagnostic research discussed above, kits are also provided by the present 
invention. Such kits are useful for the detection of a target cellular component, which is 
Trp8a, Trp8b, TrplOa and/or TrplOb or, alternatively, Trp8a, Trp8b, TrplOa and/or TrplOb 
encoding mRNA or TrplOato antisense transcripts, wherein the presence or an increased 
concentration of Trp8a, Trp8b, TrplOa and/or TrplOb or, alternatively, Trp8a, Trp8b, TrplOa 
and/or TrplOb encoding mRNA or TrplOa/b antisense transcripts is indicative for a prostate 
tumor, endometrial cancer, melanoma, chorion carcinoma or cancer of the lung, said kit 
comprising a probe for detection of Trp8a, Trp8b, Trp9, TrplOa and/or TrplOb or, 
alternatively, Trp8a, Trp8b, Trp9, TrplOa and/or TrplOb encoding mRNA or TrplOa/b 
antisense transcripts. The probe can be detectably labeled. Such probe may be a specific 
antibody or specific oligonucleotide. In a preferred embodiment, said kit contains an anti- 
Trp8a-, anti-Trp8b~, anti-Trp9- 5 anti-TrplOa-and/or anti-Trpl Ob-antibody and allows said 
diagnosis, e.g., by ELISA and contains the antibody bound to a solid support, for example, a 
polystyrene microtiter dish or nitrocellulose paper, using techniques known in the art. 
Alternatively, said kits are based on a RIA and contain said antibody marked with a 
radioactive isotope. In a preferred embodiment of the kit of the invention the antibody is 
labeled with enzymes, fluorescent compounds, luminescent compounds, ferromagnetic probes 
or radioactive compounds. The kit of the invention may comprise one or more containers 
filled with, for example, one or more probes of the invention. Associated with container (s) of 
the kit can be a notice in the form prescribed by a governmental agency regulating the 
manufacture, use or sale of pharmaceuticals or biological products, which notice reflects 
approval by the agency of manufacture, us or sale for human administration. 



EXAMPLES 
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The following Examples are intended to illustrate, but not to limit the invention. While such 
Examples are typical of those that might be used, other methods known to those skilled in the 
art may alternatively be utilized. 

Example 1: Materials and Methods 

(A) Isolation of cDNA clones and Northern blot analysis 

Total RNA was isolated from human placenta an prostate using standard techniques. Isolation 
of mRNA was performed with poly (A) 4 KNA - spin columns (New England Biolabs, Beverly, 
USA) according to the instructions of the manufacturer. Poly (a) + RNA was reverse 
transcribed using the cDNA choice system (Gibco-BRL, Rockville, USA) and subcloned in X- 
Zap phages (Stratagene, La Jolla, USA). An human expressed sequence tag (GenBank 
accession number 1404042) was used to screen an oligo d(T) primed human placenta cDNA 
library. Several cDNA clones were identified and isolated. Additional cDNA clones were 
isolated from two specifically primed cDNA libraries using primers 5'-gca tag gaa ggg aca 
ggt gg-3' and 5'-gag agt cga ggt cag tgg tcc-3'. 

cDNA clones were sequenced using a thermocycler (PE Applied Biosystems, USA) and 
Thermo Sequenase (Amersham Pharmacia Biotech Europe, Freiburg, Germany). DNA 
sequences were analyzed with an automated sequencer (Licor, Linccoln, USA). 

For Northern blot analysis 5 \ig human poly (A) + RNA from human placenta or prostate were 
separated by electrophoresis on 0.8 % agarose gels. Poly (A) + RNA was transferred to 
Hybond N nylon membranes (Amersham Pharmacia Biotech Europe, Freiburg, Germany). 
The membranes were hyridized in the presence of 50 % formamide at 42°C over night. DNA 
probes were labelled using [a 32 P]dCTP and the „ready prime,, labelling kit (Amersham 
Pharmacia Biotech Europe, Freiburg, Germany). Commercial Northern blots were hybridized 
according to the distributors instructions (Clontech, Paolo Alto, USA). 

(B) Construction of expression plasmids and transfection of HEK293 cells 

Lipofections were carried out with the recombinant dicistronic eucaryotic expression plasmid 
pdiTRP8 containing the cDNA of Trp8b under the control of the chicken B-actin promotor 
followed by an internal ribosome entry side (IRES) and the cDNA of the green fluorescent 
protein (GFP). To obtain pdiTRP8 carrying the entire protein coding regions of TRP8b and 
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the GFP (Prasher, D.C. et al. (1992), Gene 111, 229-233), the 5 x and 3 '-untranslated sequences 
of the TRP8b cDNA were removed, the consensus sequence for initiation of translation in 
vertebrates (Kozak, M. (1987) Nucleic Acids Researchl5, 8125-8148) was introduced 
immediately 5*of the translation initiation codon and the resulting cDNA was subcloned into 
the pCAGGS vector (Niwa, H,, Yamamura, K. and Miyazaki, J (1991), Gene 8, 193-199) 
downstream of the chicken P-actin promotor. The IRES derived from encephalmyocardhis 
virus (Kim, D.G., Kang, H.M., Jang, S.K. and Shin H.S. (1992) Mol.Cell.BioL 12, 3636- 
3643) followed by the GFP cDNA containing a Ser65Thr mutation (Heim, R., Cubitt, A.B., 
Tsien, R.Y. (1995) Nature 373, 663-664) was then cloned 3^ to the TRP8b cDNA The IRES 
sequence allows the simultaneous translation of TRP8b and GFP from one transcript. Thus, 
transfected cells can be detected unequivocally by the development of green fluorescence. 

For monitoring of the intracellular Ca 2+ concentration human embryonic kidney (HEK 293) 
cells were cotransfected with the pcDNA3-TRP8b vector and the pcDN A3 -GFP vector in a 
molar ratio of 4 : 1 in the presence of lipofectamine (Quiagen, HBlden, Germany). To obtain 
pcDNA3-TRP8b the entire protein coding region of TRP8b including the consensus sequence 
for initiation of translation in vertebrates (Kozak, M (1987) Nucleic Acids ResearchlS, 8125- 
8148) was subcloned into the pcDNA3 vector (Invitrogen, Groningen, Netherlands). Calcium 
monitoring and patch clamp experiments were carried out two days and one day after 
transfection, respectively. 

(C) Chromosomal localization of the Trp8 gene 

The chromosomal localization of the human TRP8 gene was performed using NIGMS 
somatic hybrid mapping panel No.2 (Coriell Institute, Camden, NJ, USA) previously 
described (Drwinga, H.L., Toji, L.H., Kim, C.H., Greene, A.E., Mulivor, R.A. (1993) 
Genomics 16, 311-314; Dubois, BX. andNaylor, S.L. (1993) Genomics 16, 315-319). 

(D) In Vitro Translation, glutathione - sepharose and calmodulin agarose binding assay 
N- and C-terminal Trp8-fragments were subcloned into the pGEX-4T2 vector (Amersham 
Pharmacia Europe, Freiburg, Germany) resulting in glutathione-S-transferase (GST)-Trp8 
fusion constructs (Fig. 4). The GST-TRP8-fosion proteins were expressed in E. coli BL 21 
cells and purified using glutathione - sepharose beads (Amersham Pharmacia Biotech Europe, 
Freiburg, Germany). 
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In vitro translation of human Trp8 cDNA and Xenopus laevis calmodulin cDNA (Davis, T.N. 
and Thorner, J. Proc.Natl.Acad.Sci. USA 86, 7909-7913.) was performed in the presence of 
35 S-methionine using the TNT coupled transcription/translation kit (Promega, Madison, 
USA). Translation products were purified by gel fliltration (Sephadex G50, Amersham 
Pharmacia Biotech Europe, Freiburg, Germany) and equal amounts of 35 S labeled probes were 
incubated for 2 h with glutathione beads bound to GST - Trp8 or calmodulin - agarose 
(Calbiochem) in 50 mM Tris-HCl, pH 7.4, 0.1 % Triton X-100, 150 mM NaCl in the presence 
of 1 mM Ca 2+ or 2 mM EGTA After three washes, bound proteins were eluted with SDS 
sample buffer, fractionated by SDS-PAGE and 35 S labeled proteins were detected using a 
Phosphor Imager (Fujifilm, Tokyo, Japan). 

(E) Calcium measurements 

The intracellular Ca 2+ concentration ([Ca 2+ ]i) was determined by dual wavelength fiira-2 
fluorescence ratio measurements (Tsien, R.Y. (1988) Trends Neurosci. 11, 419-424) using a 
digital imaging system (T.LL.L. Photonics, Planegg, Germany). HEK cells were grown in 
minimal essential medium in the presence of 10 % fetal calf serum and cotransfected with the 
pcDNA3-TRP8b vector and the pCDN A3 -GFP vector as described above (B). Transfected 
cells were detected by development of green fluorescence. The cells were loaded with 4j*M 
fura-2/AM (Molecular Probes, Oregon, USA) for one hour. After loading the cells were 
rinsed 3 times with buffer Bl (10 mM Hepes, 115 mM NaCl, 2 mM MgCl 2 , 5mM KC1, pH 
7.4) and the [Ca 24 ]i was calculated from the fluorescence ratios obtained at 340 and 380 nm 
excitation wavelengths as described (Garcia, D.E., Cavalie, A, and Lux, HD. (1994) J. 
Neurosci 14, 545-553). 

(F) Electrophysiological recordings 

HEK cells were transfected with the eucaryotic expression plasmid pdiTRP8 described in (B) 
and electrophysiolocigal recordings were carried out one day after transfection. Single cells 
were voltage clamped in the whole cell mode of the patch clamp technique as described 
(Hamill, O.P., Marty, A, Neher, E., Sakmann, B. and Sigworth, F.J. (1981) Pflugers Arch. 
391, 85-100; Philipp, S., Cavalie, A., Freichel, M., Wissenbach, U., Zimmer, S., Trost, C, 
Marquart, A., Murakami, ML and Flockerzi, V. (1996) EMBO J. 6166-6171). The pipette 
solution contained contained (mM): 140 aspartic acid, 10 EGTA, 10 NaCl, 1 MgC12, 10 
Hepes (pH 7.2 with CsOH) or 125 CsCl, 10 EGTA, 4 CaCl 2 10 Hepes (pH 7,2 with CsOH). 
The bath solution contained (mM): 100 NaCl, 10 CsCl, 2 MgCl 2 , 50 mannitol, 10 glucose, 20 
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Hepes (pH 7,4 with CsOH) and 2 CaCl 2 , or no added CaCl 2 (-Ca 2+ solution). Divalent free 
bath solution contained (mM): 110 N-methyl-D-glucamine (NMDG). Whole cell currents 
were recorded during 100 msec voltage ramps from -100 to +100 mV at varying holding 
potentials. 

(G) In Situ Hybridization 

In situ hybridizations were carried out using formalin fixed tissue slices of 6 - 8 jiM thickness. 
The slices were hydrated and incubated in the presence of PBS buffer including 10 \ig / ml 
proteinase K (Roche Diagnostics, Mannheim, Germany) for 0.5 h. The slices were hybridized 
at 37°C using biotinylated deoxy-oligonucleotides (0.5 pmol / fil) in the presence of 33 % 
formamide for 12 h. Furthermore the slices were several times rinsed with 2 x SSC and 
incubated at 25°C for 0.5 h with avidin / biotinylated horse raddish peroxidase complex 
(ABC, DAKO, Santa Barbara, USA). After several washes with PBS buffer the slices were 
incubated in the presence of biotinylated tyramid and peroxide (0.15 % w/v) for 10 min, 
rinsed with PBS buffer and additionally incubated with ABC complex for 0.5 h. The slices 
were washed with PBS buffer and incubated in the presence of DAB solution 
(diaminobenzidine (50fig / ml), 50 mM Tris/EDTA buffer pH 8.4, 0.15 % H 2 0 2 in N,N - 
dimethyl-formamide; Merck, Darmstadt, Germany), The detection was stopped after 4 
minutes by incubating the slides in water. Tyramid was biotinylated by incubating NHS-LC 
Biotin (sulfosuccinimidyl-6-(biotinimid)-hexanoat), 2.5 mg / ml; Pierce, Rockford, USA) and 
tyramin-HCl (0.75 mg / ml, Sigma) in 25 mM borate buffer pH 8.5 for 12 h. The tyramid 
solution was diluted 1 - 5 : 1000 in PBS buffer. 

(H) GenBank accession numbers: TRP8a, Aj243500; TRP8b Aj243501 
Example 2: Expression of TRP8 transcripts 

In search of proteins distantly related to the TRP family of ion channels, an human expressed 
sequence tag (EST, GenBank accession number 1404042) was identified in the GenBank 
database using BLAST programms (at the National Center for Biotechnology Information 
(NCBI); Altschul, S.F., Gish, W., Miller, W., Myers, E.W. and Lipman, D.J.J. (1990) Mol. 
Biol. 5, 403-410) being slightly homologous to the VR1 gene. Several human placenta cDNA 
libraries were constructed and screeened with this EST DNA as probe. Several full length 
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cDNA clones were identified and isolated. The full length cDNA clones encoded two putative 
proteins differing in three amino acids and were termed Trp8a and Trp8b (Fig. 1c, 2a, 7 and 
8A). This finding was reproduced by isolating cDNA clones from two cDNA libraries 
constructed from two individual placentas. The derived protein sequence(s) comprises six 
transmembrane domains, a characteristic overall feature of trp channels and related proteins 
(Fig.: lb). The sequence is closely related to the meanwhile published calcium uptake 
transport protein 1 (CaTl), isolated from rat intestine (Peng, J.B., Chen, X.Z., Berger, U.V., 
Vassilev, P.M., Tsukaguchi, H„ Brown, E.M. and Hediger MA.(1999) J Biol Chem. 6;274, 
22739-22746) and to the epithelial calcium uptake channel (ECaC) isolated from rabbit 
kidney (Hoenderop, J.G., van der Kemp, A.W., Hartog, A., van de Graa£ S.F., van Os, C.H., 
Willems, P.K and Bindels, RJ. (1999) J Biol Chem. 26;274, 8375-8378). Expression of 
Trp8ato transcripts are detectable in human placenta, pancreas and prostate (Fig.: 5) and the 
size of the Northern signal (3.0 kb) corresponds with the size of the isolated full length 
cDNAs. In addition, a shorter transcript of 1.8 kb, probably a splice variant, is detectable in 
human testis. The Trp8 mRNA is not expressed in small intestine or colon (Fig.: 5) 
implicating that Trp8 is not the human ortholog of the rat CaTl or rabbit ECaC proteins. To 
investigate whether there are other related sequences Trp8a/b derived primers (UW241, 5'- 
TAT GAG GGT TCA GAC TGC-3' and UW242, 5'-CAA AGT AGA TGA GGT TGC-3 9 ) 
were used to amplify a 105 bp fragment from human genomic DNA being 95% identical on 
the nucleotide level to the Trp8 sequence (data not shown). This indicates the existence of 
several similar sequences in humans at least at the genomic level. 

Example 3: Two variants of the Trp8 protein (Trp8a and Trp8b) arise by polymorphism 

Two variants of the Trp8 cDNA were isolated from human placenta (Fig.: 2A, 7 and 8 A) 
which encoded two proteins which differ in three amino acids and were termed Trp8a and 
Trp8b. Trp8aft specific primers were designed to amplify a DNA fragment of 458 bp of the 
Trp8 gene from genomic DNA isolated from human T-lymphocytes (primer pair: UW243, 5'- 
CAC CAT GTG CTG CAT CTA CC-3' and UW244, 5'-CAA TGA CAG TCA CCA GCT 
CC-3'). The amplification product contains a part of the sequence where the derived protein 
sequence of Trp8a comprises the amino acid valine and the Trp8b sequence methionine as 
well as a silent base pair exchange (g versus a) and an intron of 303bp (Fig.: 2. A, B). Both 
variants of the Trp8 genes (a,b) were amplified from genomic DNA in equal amounts 
indicating the existence of both variants in the human genome and therefore being not the 
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result of RNA editing (Fig.: 2B). The Trp8a gene can be distinguished from the Trp8b gene 
by cutting the genomic fragment of 458bp with the restriction enzyme Bspl286I (Fig. 2B). 
Using human genomic DNA isolated from blood of twelve human subjects as template, the 
458bp fragment was amplified and restricted with BSP1286I. In eleven of the tested subjects 
only the Trp8b gene is detectable, while one subject (7) contains Trp8a and Trp8b genes (Fig.: 
2D). These implicates that the two Trp8 variants arise by polymorphism and do not represent 
individual genes. Using Trp8 specific primers and chromosomal DNA as template, the Trp8 
locus is detectable on chromosome 7 (Fig.: 2C). 

Example 4: TrpSb is a calcium permeable channel 

The protein coding sequence of the Trp8b cDNA was subcloned into pcDNA3 vector 
(Invitrogen, Groningen, Netherlands) under the control of the cytomegalovirus promotor 
(CMV). Human embryonic kidney (HEK 293) cells were cotransfected with the Trp8b 
pcDNA3 construct (pcDNA3-Trp8b vector) and the pcDNA3 -GFPvector encoding the green 
fluorescent protein (GFP) in 4:1 ratio. The Trp8b cDNA and the cDNA of the reporter, GFP, 
was transiently expressed in human embryonic kidney (HEK 293) cells. The intracellular Ca 2+ 
concentration ([Ca 2+ ]i) and changes of [Ca 2+ ]i were determined by dual wavelength fura-2 
fluorescence ratio measurements (Fig.: 3F) in cotransfected cells which were identified by the 
green fluorescence of the reporter gene GFP. 

Dual wavelength fura-2 fluorescence ratio measurement is a standard procedure (e.g. in: An 
introduction of Molecular Neurobiology (ed. Hall, Z.W.)Sinauer Associates, Sunderland, 
USA (1992)) using fura-2, which is a, fluorescent Ca 2+ sensitive dye and which was designed 
by RY.Tsien (e.g. Trends Neurosci. 11, 419-424 (1988) based upon the structure of EGTA. 
Its fluorescence emission spectrum is altered by binding to Ca 2+ in the physiological 
concentration range. In the absence of Ca 2+ , fura-2 fluoresces most strongly at an excitation 
wavelength of 385 nm; when it binds Ca 2+ , the most effective excitation wavelength shifts to 
345 nm. This property is used to measure local Ca 2+ concentrations within cells. Cells can be 
loaded with fura-2 esters (e.g. fiira-2AM) that diffuse across cell membranes and are 
hydrolyzed to active fura-2 by cytosolic esterases. 

In the presence of ImM Ca 2+ , Trp8 expressing cells typically contained more than 300 nM 
cytosolic Ca 2+ , while non transfected controls contained less than 100 nM Ca 2+ ions (Fig. 3F). 
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When Trp8b transfected cells were incubated without extracellular Ca 2+ , the intracellular Ca 2+ 
concentration ([Ca 2+ ]i) decreased to levels comparable to non transfected cells. Readdition of 
ImM Ca 2+ to the bath resulted in significant increase of the cytosolic [Ca 2+ ] in Trp8b 
transfected cells, but not in controls (Fig.: 3F). After readdition of Ca 2+ ions to the bath 
solution, the cytosolic Ca 2+ concentration remains on a high steady state level in the Trp8b 
transfected cells. 

Example 5: Trp8 expressing cells show calcium selective inward currents 

To characterize in detail the electrophysiological properties of TRP8, TRP8 and GFP were 
coexpressed in HEK293 cells using the dicistronic expression vector pdiTRP8 and measured 
currents using the patch clamp technique in the whole cell mode (Hamill, O.P., Marty, A., 
Neher, E., Sakmann, B. and Sigworth, F.J. (1981) Pflugers Arch., 391, 85-100). 

The eucaiyotic expression plasmid pdiTRP8 contains the cDNA of Trp8b under the control of 
the chicken B-actin promotor followed by an internal ribosome entry side (IRES) and the 
cDNA of the green fluorescent protein (GEFP). To obtain pdiTRP8 carrying the entire protein 
coding regions of TRP8b and the GFP (Prasher, D.C. et al. (1992), Gene 111, 229-233), the 
5' and 3 '-untranslated sequences of the TRP8b cDNA were removed, the consensus sequence 
for initiation of translation in vertebrates (Kozak, M. (1987) Nucleic Acids ResearchlS, 8125- 
8148) was introduced immediately 5 "of the translation initiation codon and the resulting 
cDNA was subcloned into the pCAGGS vector (Niwa, H. a Yamamura, K. and Miyazaki, J 
(1991), Gene 8, 193-199) downstream of the chicken p-actin promotor. The IRES derived 
from encephalmyocarditis virus (Kim, D.G., Kang, H.M., Jang, S.K. and Shin ELS. (1992) 
MoLCelLBiol. 12, 3636-3643) followed by the GFP cDNA containing a Ser65Thr mutation 
(Heim, R., Cubitt, A.B., Tsien, &Y. (1995) Nature 373, 663-664) was then cloned 3^ to the 
TRP8b cDNA. The IRES sequence allows the simultaneous translation of TRP8b and GFP 
from one transcript. Thus, transfected cells can be detected unequivocally by the development 
of green fluorescence. 

In the presence of 2 mM external calcium, Trp8b transfected HEK cells show inwardly 
rectifying currents, the size of which depends on the level of intracellular calcium and the 
electrochemical driving force. The resting membrane potential was held either at -40 mV, or, 
to lower the driving force for calcium influx in between pulses, at + 70 mV. Current traces 
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were recorded in response to voltage ramps from -100 to +100 mV, that were applied every 
second. To monitor inward and outward currents over time, we analyzed the current size at - 
80 and + 80 mV of the ramps. Figure 3 A shows a representative trace of the current at - 80 
mV over time. Both at a holding potential of -40 mV or at +70 mV, the currents are 
significantly larger than in cells transfected with only the GFP containing vector (Fig.: 3E). 
Interestingly, after changing to a positive holding potential, current size in Trp8 transfected 
cells slowly increases and reaches steady state after approximately 70 seconds (Fig.: 3 A). To 
determine the selectivity of the induced currents, we then perfused the cells with solutions that 
either contain no sodium, no added Ca 2+ (Fig. 3 A, C) or a sodium containing, but divalent ion 
free bath solution. To control for the effect of the solution change alone, we also perfused 
with normal bath (see puff in Fig. 3 A). While removal of external Ca 2+ completely abolishes 
the trp 8 induced currents - the remaining current being identical in size and shape to the 
control (Fig.: 3 A, C, E), removal of external sodium has no effect (Fig.: 3E). An important 
hallmark of calcium selective channels (e.g. Vennekens, R., Hoenderop, G.J., Prenen, I, 
Stuiover, M., Willems, PHGM, Droogmans, G., Nilius, B.and Bindels, RJ.M (1999) J. Biol. 
Chem. 275, 3963-3969), is their ability to conduct sodium only if all external divalent ions, 
namely Ca 2+ and magnesium are removed. To test whether the trp 8 channel conforms with 
this phenomenon normal bath solution was switched to a solution containing only sodium and 
1 mM EGTA. As can be seen in Figure 3B and D, Trp8 transfected cells can now conduct 
very large sodium currents. Interestingly, immediately after the solution change, the currents 
first become smaller before increasing rapidly, indicating that the pore may initially still be 
blocked by calcium a phenomenon usually called anomalous mole fraction behaviour 
(Warnat, J., Philipp, S., Zimmer, S.,.Flockerzi, V., and Cavalie A.(1999) J.PhysioL (Lond) 
518, 631-638). The measured outward currents of Trp8 transfected cells in normal bath 
solution are not significantly different from non-transfected control cells or cells which only 
express the reporter gene GFP. As the removal of external Ca 2+ abolishes the Trp8 specific 
current, the remaining current was subtracted from the current before the solution change to 
obtain the uncontaminated Trp8 conductance (see inset in Fig.: 3C). As expected from the 
given ionic conditions (high EGTA inside, 2 mM Ca 2+ outside), the current-voltage 
relationship now shows prominent inward rectification with little to no outward current. 

Both the time course of the development of Trp8 currents and the size of the currents depend 
on the frequency of stimulation (data not shown), the internal and external Ca 2+ concentration 
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and the resting membrane potential, suggesting that Trp8 calcium conductance is intrically 
regulated by a Ca 2+ mediated feedback mechanisms. 

Example 6: Ca 2+ / calmodulin binds to the C-terminus of the Trp8 protein 

To test whether calmodulin, a prime mediator of calcium regulated feedback, is involved, first 
it was investigated biochemically whether Trp8 protein can bind calmodulin. Trp8 cDNA was 
in vitro translated in the presence of 35 S-methionine and the product incubated with 
calmodulin-agarose beads. After several washes either in the presence or abscence of Ca 2+ , 
the beads were incubated in Laemmli buffer and subjected to SDS-polyacrylamide gel 
electrophoresis. In the presence of Ca 2 * (lmM), but not in the absence of Ca 2+ , Trp8 protein 
binds to calmodulin (Fig.: 4B). 

To narrow down the binding site, two approaches were undertaken: Firstly, GST-TRP8 
fusion proteins of various intracellular domains of Trp8 were constructed, expressed in E. coli 
and bound to gluthathione sepharose beads. These beads were then incubated with in vitro 
translated 35 S- labeled calmodulin, washed and subjected to gel electrophoresis. Secondly, 
truncated versions of in vitro translated Trp8 protein were used in the above described binding 
to calmodulin-agarose. As shown in Figure 4A, and C, fusion proteins of the N-terminal 
region (Nl, N2) of Trp8 did not bind calmodulin, while C-terminal fragments (CI, C2, C3, 
C4) showed calmodulin binding in the presence of calcium (for localization of fragments 
within the entire Trp8 protein see Fig. 4C). Accordingly, a truncated version of in vitro 
translated Trp8, which lacks the C-terminal 32 amino acid residues did not bind to 
calmodulin-agarose (4B). We have restricted the calmodulin binding site to amino acid 
residues 691 to 71 1 of the Trp8 protein. This calmodulin binding site does not resemble the 
typical conserved IQ - motif of conventional myosins, but has limited sequence homology to 
the calcium dependent calmodulin binding site 1 of the transient receptor potential like (trpl) 
protein of Drosophila melanogaster (Warr and Kelly, 1996) with several charged amino acid 
residues conserved. The sequence of the calmodulin binding site of the Trp8 protein 
resembles a putative amphipathic a-helical wheel structure with a charged and a hydrophobic 
site according to a model proposed by Erickson-Vitanen and De Grado (1987, Methods 
Enzymol. 139, 455-478.). 
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Example 7: Expression of Trp8 transcripts in human placenta and pancreas 



Several slides from a human placenta of a ten week old abort were used for in situ 
hybridization experiments. The in situ hybridization experiments revealed expression of Trp8 
transcripts in human placenta (Fig.: 5B). Expression was detectable in trophoblasts and 
syncytiotrophoblasts of the placenta, but not in Langhans cells. 

Trp8 transcripts are detectable in human pancreas (Fig.: 5 A). Therefore Trp8 probes were 
hybridized to tissue sections of human pancreas. The pancreatic tissues were removed from 
patients with pancreas cancer. Trp8 expression is detectable in pancreatic acinar cells, but not 
in Langerhans islets (Fig.: 5C). No Trp8 expression was found in regions of pancreatic 
carcinomas (data not shown). 

Furthermore, the Trp8 cDNA is not detectable in human colon nor in human kidney by in situ 
hybridization as well as by Northern analysis (Fig.: 5 A, D). The Northern results taken 
together with the in situ expression data indicate that the Trp8 protein is not the human 
ortholog of the CaTl and ECaC channels cloned from rat intestine (Peng, J.B., Chen, X.Z., 
Berger, U.V., Vassilev, P.M., Tsukaguchi, H., Brown, EM. and Hediger M.A.(1999) J Biol 
Chem. 6;274, 22739-22746) and from rabbit kidney (Hoenderop, J.G., van der Kemp, A.W., 
Hartog, A., van de Graa£ S.F., van Os, C.H., Willems, P.H. and Bindels, RJ. (1999) J Biol 
Chem. 26;274, 8375-8378), respectively. Trp8 is unlikely to represent the human version of 
CaTl as its expression is undetectable in the small intestine and colon tissues where CaTl is 
abundantly expressed. I£ however, Trp8 is the human version of rat CaTl, a second gene 
product appears to be required for Ca 2+ uptake in human small intestine and colon attributed 
to CaTl in rat small intestine and colon. 

Example 8: Differential expression of Trp8 transcripts in benign and malign tissue of 
the prostate 

The Trp8 transcripts are expressed in human prostate as shown by hybridization of a Trp8 
probe to a commercial Northern blot (Clontech, Palo Alto, USA) (Fig.: 5A). Trp8 transcripts 
were not detectable by Northern blot analysis using pooled mRNA of patients with benign 
prostatic hyperplasia (BPH) (Fig.: 5 A, prostate*). To examine Trp8 expression on the cellular 
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level, sections of prostate tissues were hybridized using Trp8 specific cDNA probes (Table 3). 
Expression of Trp8 transcripts is not detectable in normal prostate (n = 3), benign hyperplasia 
(BPH, n = 15) or prostatic intraepithelial neoplasia (PIN, n = 9) (Fig.: 6A, C, E). Trp8 
transcripts were only detectable in prostate carcinoma (PCA), although with different 
expression levels. Low expression levels were found in primary carcinomas (2 - 10 % of the 
carcinoma cells, n = 8) (Fig.: 7B) . Much stronger expression was detectable in rezidive 
carcinoma (10-60 %) (Fig.: 7D, n = 6) and metastases of the prostate (60 - 90 %, n = 4) 
(Fig.: 7F). Thus it has to be concluded that the commercial Northern blot used in Fig.: 5 A 
contains not only normal prostate mRNA as indicated by the distributor. According to the 
distributors instructions the prostate mRNA used for this Northern blot was collected from 15 
human subjects in the range of 14 to 60 years of age. This prostate tissue was not examined 
by pathologic means. Since Trp8 expression is not detectable in normal or benign prostate, 
this finding implicates that the mRNA used for this Northern blot was extracted in part from 
prostatic carcinoma tissue. To summarize, Trp8 expression is only detectable in malign 
prostate and, thus, the Trp8 cDNA is a marker for prostate carcinoma. The results are 
summarized in Table 4. 

Table 3 

Trp8 probes used for in situ hybridization: 
Probes (antisense) 

1. ) 5' TCCGCTGCCGGTTGAGATCTTGCC 3' 

2. ) 5' CTTGCTCCATAGGCAGAGAATTAG 3' 

3. ) 5' ATCCTC AGAGCCCCGGGTGTGGAA3 * 

Controls (sense) 

1. ) 5' GGCAAGATCTCAACCGGCAGCGGA 3 s 

2. ) 5' CTAATTCTCTGCCTATGGAGCAAG 3' 

3. ) 5' TTCCACACCCGGGGCTCTGAGGAT 3' 



Table 4 

Prostate total negative positive 

normal 3 3 0 

BPH 15 15 0 

PIN 9 9 0 
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(B) Differential expression of Trp8 transcripts in benign and malign tissue of the uterus 

Moreover it could be shown that Trp8 is expresed in endometrial cancer (also called cancer of 
the uterus, to be distinguished from uterine sarcoma or cancer of the cervix) whereas no 
expression was observed in normal uterus tissue. Thus, Trp8 also is a specific marker for the 
diagnosis of the above cancer (Fig. 12). 

Example 9: Characterization of Trp9 

The complete protein coding sequence of Trp9 was determined (Fig. 9). Trp 9 transcripts are 
predominantly expressed in the human prostate and in human colon. As it could be shown by 
Northern blot analysis, there is no difference of the expression of TRP9 in benigne prostata 
hyperplasia (BPH, Fig. 13, upper panel left) or prostate carcinoma (Fig. 13, upper panel 
right). However, Trp9 is useful as a reference marker for prostata carcinoma, i.e. can be used 
for quantifying the expression level of Trp8. The ratio of the expression of Trp8:Trp9 in 
patients and healthy individuals is useful for the development of a quantitative assay. 

Example 10: Characterization of Trp 10 

The complete protein coding sequence of TRP 10 (a and b) was determined by biocomputing 
(Fig. 10 and 11). Using a 235 bp fragment of the TrplO cDNA as probe in Northern blot 
analysis TRP10 transcripts could only be detected in mRNA isolated from individuals with 
prostate cancer (Fig. 13, bottom panel) but not in mRNA isolated from benign tissue of the 
prostate (prostate BPH) nor in mRNA isolated from heart, brain, placenta, lung, liver, skeletal 
muscle, kidney and pancreas. The 235 bp cDNA fragment of the TrplO cDNA was amplified 
using the primer pair UW248 5'-ACA GCT GCT GGT CTA TTC C-3' and UW249 5'-TAT 
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GTG CCT TGG TTT GTA CC-3' and prostate cDNA as template. In summary, TrplOa and 
TrplOb , like TRP8 are also expressed in malignant prostate tissue. So far, its expression 
could not be observed in any other tissue examined (see above). Thus, Trp 10a and TrplOb 
are also useful markers which are specific for malignant prostate tissue. 

Furthermore, database searches in public databases of the national center for biological 
information (NCBI) revealed the existence of several expressed sequence tags (EST clones) 
being in part identical to the Trp 10 sequence. These EST clones were originally isolated from 
cancer tissues of lung, placenta, prostate and from melanoma. These clones include the 
clones with the following accession numbers: BE274448, BE408880, BE207083, BE791173, 
AI671853, BE390627. The results demonstrate that cancer cells of these tissues express 
TrplO related transcripts whereas no expression of TrplO transcripts in the corresponding 
healthy tissues are detectable (Figure 13). Furthermore, it could be shown that in cancer cells 
of melanoma and prostate cancer Tip 10 transcripts are expressed as shown by in situ 
hybridizations using 4 antisense probes (Figure 14A - E and 13K-0 and Table 2, above). 
Furthermore, it could clearly be shown that cancer cells of these tissues expressing TrplO 
transcripts also express TrplO-antisense transcripts as shown in Figure 14F-J, Figure 14P-R 
and Figurel4T by in situ hybridizations using 4 sense probes (Table 2, above). The in situ 
hybridization experiments demonstrate that detection of a subset of cancer cells derived from 
carcinoma of lung, placenta, prostate and melanoma is feasible using antisense as well as 
sense probes complementary to TrplO transcripts or complementary to TrplO-antisense 
transcripts, respectively. 

The foregoing is meant to illustrate but not to limit the scope of the invention. The person 
skilled in the art can readily envision and produce further embodiment, based on the above 
teachings, without undue experimentation. 
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What Is claimed Is: 

1. An isolated nucleic acid molecule encoding the human prostate carcinoma associated 
protein Trp8a, Trp8b, Trp9, TrplOa or TrplOb or a protein exhibiting biological properties 
of Trp8a, Trp8b, Trp9, TrplOa or TrplOb and being selected from the group consisting of 

(a) a nucleic acid molecule encoding a protein that comprises the amino acid sequence 
depicted in Figure 7, 8A, 9, 10 or 1 1; 

(b) a nucleic acid molecule comprising the nucleotide sequence depicted in Figure 7, 8A, 
9, 10 or 11; 

(c) a nucleic acid molecule included in DSMZ Deposit No. DSM 13579, DSM 13580, DSM 
13584 , DSM 13581 or DSM....; 

(d) a nucleic acid molecule which hybridizes to a nucleic acid molecule specified in (a) to (c); 

(e) a nucleic acid molecule the nucleic acid sequence of which deviates from the nucleic 
sequences specified in (a) to (d) due to the degeneration of the genetic code; and 

(f) a nucleic acid molecule, which represents a fragment, derivative or allelic variation of a 
nucleic acid sequence specified in (a) to (e). 

2. A recombinant vector containing the nucleic acid molecule of claim 1 

3. The recombinant vector of claim 2 wherein the nucleic acid molecule is operatively linked 
to regulatory elements allowing transcription and synthesis of a translatable RNA in 
prokaryotic and/or eukaryotic host cells. 

4. A recombinant host cell which contains the recombinant vector of claim 3. 

5. The recombinant host cell of claim 4, which is a mammalian cell, a bacterial cell, an insect 
cell or a yeast cell. 

6. An isolated protein exhibiting biological properties of the human prostate carcinoma 
associated protein TrpSa, Trp8b, Trp9, TrplOa or TrplOb which is encoded by a nucleic acid 
molecule of claim 1. 

7. A recombinant host cell that expresses the isolated protein of claim 6. 
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8. A method of making an isolated protein exhibiting biological properties of the human 
prostate carcinoma associated protein Trp8a, Trp8b, Trp9, TrplOa or TrplOb comprising: 

(a) culturing the recombinant host cell of claim 6 under conditions such that said protein is 
expressed; and 

(b) recovering said protein. 

9. The protein produced by the method of claim 8. 

10. An antisense RNA sequence characterized in that it is complementary to an mRNA 
transcribed from a nucleic acid molecule of claim 1 or a part thereof and can selectively bind 
to said mRNA or part thereof said sequence being capable of inhibiting the synthesis of the 
protein encoded by said nucleic acid molecule. 

11. A ribozyme characterized in that it is complementary to an mRNA transcribed from a 
nucleic acid molecule of claim 1 or a part thereof and can selectively bind to and cleave said 
mRNA or part thereof; thus inhibiting the synthesis of the protein encoded by said nucleic 
acid molecule. 

12. An inhibitor characterized in that it can suppress the activity of the protein of claim 6. 

13. A method for diagnosing a prostate carcinoma which comprises contacting a target 
sample suspected to contain the protein Trp8a, Trp8b, TrplOa and/or TrplOb or the Trp8a, 
Trp8b, TrplOa and/or TrplOb encoding mRNA with a reagent which reacts with Trp8a, 
Trp8b, TrplOa and/or TrplOb or the Trp8a, Trp8b, TrplOa and/or TrplOb encoding mRNA 
and detecting Trp8a, Trp8b, TrplOa and/or TrplOb or the Trp8a, Trp8b, TrplOa and/or 
TrplOb encoding mRNA. 

14. The method of claim 13, wherein the reagent is a nucleic acid. 

15. The method of claim 13, wherein the reagent is an antibody. 

16. The method of claim 13, wherein the reagent is detectably labeled. 
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17. The method of claim 16, wherein the label is selected from the group consisting of a 
radioisotope, a bioluminescent compound, a chemiluminescent compound, a fluorescent 
compound, a metal chelate, or an enzyme. 

18. A method for diagnosing an endometrial cancer '(carcinoma of the uterus) which 
comprises contacting a target sample suspected to contain the protein Trp8a and/or Trp8b or 
the Trp8a and/or Trp8b encoding mKNA with a reagent which reacts with Trp8a and/or Trp8b 
or the Trp8a and/or Trp8a and/or trp8b encoding mRNA and detecting Trp8a and/or Trp8b or 
the Trp8a and/or Trp8b encoding mRNA 

19. The method of claim 18, wherein the reagent is a nucleic acid. 

20. The method of claim 18, wherein the reagent is an antibody. 

21. The method of claim 18, wherein the reagent is detectably labeled. 

22. The method of claim 21, wherein the label is selected from the group consisting of a 
radioisotope, a bioluminescent compound, a chemiluminescent compound, a fluorescent 
compound, a metal chelate, or an enzyme. 

23. A method for diagnosing a melanoma, chorion carcinoma, cancer of the lung and of the 
prostate in a tissue of a subject, comprising contacting a sample with a reagent which detects 
TrplOa and/or TrplOb antisense RNA or TrplOa and/or TrplOb related antisense RNA 

24. A method for preventing, treating, or ameliorating a prostate tumor, endometrial cancer 
(carcinoma of the uterus) tumor, a chorion carcinoma, cancer of the lung or melanoma, which 
comprises administering to a mammalian subject a therapeutically effective amount of a 
reagent which decreases or inhibits expression of Trp8a, Trp8b, TrplOa and/or TrplOb and/or 
the activity of Trp8a, Trp8b, TrplOa and/or TrplOb. 

25. The method of claim 24, wherein the reagent is a nucleotide sequence comprising an 
antisense RNA. 
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26. The method of claim 24, wherein the reagent is a nucleotide sequence comprising a 
ribozyme. 



27. The method of claim 24, wherein the reagent is an inhibitor of Trp8a, Trp8b, TrplOa 
and/or TrplOb. 

28. The method of claim 27, wherein the reagent is an anti-Trp8a-, anti Trp8b-, anti-TrplOa- 
and/or anti-TrplOb antibody or a fragment thereof. 

29. A diagnostic kit useful for the detection of Trp8a, Trp8b, TrplOa and/or TrplOb or Trp8a, 
Trp8b, TrplOa and/or TrplOb encoding mKNA or TrplOa and/or TrplOb antisense transcripts 
in a sample, wherein the presence of an increased concentration of Trp8a, Trp8b, Trp9, 
TrplOa and/or TrplOb or Trp8a, Trp8b, Trp9, TrplOa and/or TrplOb encoding mRNA or 
TrplOa and/or TrplOb antisense transcripts is indicative for a prostate tumor, endometrial 
cancer (cancer of the uterus) tumor, a chorion carcinoma, cancer of the lung or melanoma, 
said kit comprising a probe for detection of Trp8a, Trp8b, Trp9, TrplOa or TrplOb or Trp8a, 
Trp8b, Trp9, TrplOa and/or TrplOb encoding mRNA or TrplOa and/or TrplOb antisense 
transcripts. 

30. The kit of claim 29, wherein the target component to be detected is Trp8a, Trp8b, Trp9, 
TrplOa and/or TrplOb and the probe is an antibody. 

31. A method for identifying a compound which acts as an agonist or antagonist on the ion 
channels Trp8, Trp9 and/or TrplO, said method comprising contacting a test compound • 
with the ion channel Trp8, Trp9 and/or Trpl0,and determining whether said test compound 
affects the calcium uptake. 
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10 30 50 

GCCARGTGTAACAAACTCACAGCCCTCTCCAAACTGGCTGGGGCTGCTGGGAGACTCCCA 

70 90 110 

AGGAACTCGTCAGGAAGGCAGGAGACAGGAGACGGGACCTCTACAGGGAGACGGTGGGCC 

130 150 170 

GGCCCTTGGGGGGGCTGATGTGGCCCCAAGGCTGAGTCCCGTCAGGGTCTGGCCTCGGCC 

190 210 230 

TCAGGCCCCCAAGGAGCCGGCCCTACACCCCATGGGTTTGTCACTGCCCAAGGAGAAAGG 

MGLSLPKEKG 
250 270 290 

GCTAATTCTCTGCCTATGGAGOU^GTTCTGCAGATGGTTCCAGAGACGGGAGTCCTGGGC 
LILCLW SKFCRViFQRRE SWA 
310 330 350 

CCAGAGC CGAG ATGAGC AG AACCTGCTGCAGCAGAAGAGGATCT GGGAGT CT C CTCT CCT 
QSRDEQNLLQQKRIWES PLL 
370 390 410 

TCTAGCTGCCAAAGATAATGATGTCCAGGCCCTGAACAAGTTGCTCAAGTATGAGGATTG 
LA A K DN'DVQA L N K L L K Y E D C 
430 450 470 

CAAGGTGCACCAGAGAGGAGCXATGGGGGAAACAGCGCTACACATAGCAGCCCTCTATGA 
KVHQRGAMGETALHIAALYD 
490 510 530 

CAACCTGGAGGCCGCCATGGTGCTGATGGAGGCTGCCC^^ 
NLEAAMVLMEAAPELVFEP M 
550 570 590 

GACATCTGAGCTCTAT GAGGGTCAGACTGCACTG CACAT CGCTGTTGT G AACXZAGAACAT 
TSELYEGQTALHIAVVNQNM 
610 630 650 

GAACCTGGTGCGAGCCCTGCTTGCCCGCAGGGCCAGTGTCTCTGCCAGAGCCACAGGCAC 
NLVRAL LARRASVSARATGT 
670 690 710 

TGCCTTCCGCCCTAGTCCOCGCAACCTCATCTACTTTGGGGAGCACCCTTTGTCCTTTGC 
AFRRSPRNLIYFGEHPLSFA 
730 750 770 

TGCCTGTGTGAACAGTGAGGAGATCGTGCGGCTGCTCATTGAGCATGGAGCTGACATCCG 
ACVNSEEIVRLLIEHGADIR 
' 790 810 830 

GGCCCAGGACTCCCTGGGAAACACAGTGTTACACA^ 
AQDSLGNTVLHILILQPNKT 
850 870 890 

CTTTGCCTGCCAGATGTACAACCTGTTGCTGTCCTACGACAGACATGGGGACCACCTGCA 
FACQMYNLLLSYDRHGDHLQ 
910 930 950 

GCCCCTGGACCTCGTGCCX^TCACCAGGGTCTCACCCCTTTCAAGCTGGCTGGAGTGGA 
PLDLVPNHQGLTPFKIiAGVE 
970 990 1010 

GGGT AACACT GTGAT GT TTCAG CACCTGAT G CAGAAGCG GAAG CACACCCAGT GGACGT A 
GNTVMFQHLMQKRKHTQWTY 
1030 1050 1070 

TGGACCACTGACCTCGACTCTOTATGACCTCACAGAGATCGACTCCrCAGGGGATGAGCA 
GPLTSTLYDLTEI DSSGDEQ 
1090 1110 H30 

GT CCCT GCT G GAACTT ATCAT CACCACCAAG AAGCGGG AGGCT CG CCAGAT CCTGG ACCA 
SLLELX ITTKKREARQI LDQ 
1150 1170 HSO 

GACGCCGGTGAAGGAGCTGGTGAGCCTCAAGTGGAAGCGGTACGGGCGGCCGTACTTCTG 
TPVKELVSLKWKRYGRPYFC 
1210 1230 1250 

CATGCTGGGTGCCATATATCTGCTGTACATf^TCT 
MLGAIYLLYIICFTMCCIYR 
1270 1290 1310 
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CCCCCTCAAGCCCAGGACCAATAACCGCACAAGCCCCCGGGACAACACCW 
PLKPRTNNRTSPRDNTLLQQ 
1330 1350 1370 

GAAGCTACTTCAGGAAGCXrTACGTGACCCCTAAGGP.CGATATCCGGCTGGTCGGGGAGCT 
KL LQE .AYVTPKDDIRLVGEL 
1390 1410 1430 

VTVI G A I IIL^LVEVPDI FRM 
1450 1470 1490 

GGGGGTCACTCGCTTCTTTGGACAGACCATCCTTGGGGGCCCATTCCATGTCCTCATCAT 
GVTR FFGQTILGG PFHVLI I 
1510 1530 1550 

C^CCTATGCCTTCATGGTGCTGGTGACC^TGGTGATGCGGCTCR.TCAGTGCCAGCGGGG^ 
TYAFMVLVTMVMRLISASGE 
1570 1590 1610 

GGTCGTACCCATGTCCTTTGCACTCGrGCTGGGCTGGT 
VVPM SPALV LGWCHVMY FAR 
1630 1650 167X) 

AGGATT CCAGATGCTAGGrCCCCTTTCACCATCAT GATTCAGAAGATGATTTT T GGCGACCT 
GFQMLGPFTIMIQKMI FGDL 
1690 1710 1730 

GATGCGATTCTGCTGGCTGATGGCTGTGGTCATCCTGGGCrrTGCT 
MRFCWLMAVVILGFASAFYI 
1750 1770 1790 

(^TCTTCCAGACAGAGGACCCCGAGCAGCTAGGCCACTTCTACGACTACCCC^ 
IFQTEDPEELGHFYDYPMAL. 
1810 1830 1850 

GTTCAGCACCTTCGAGCTGTTCCTTACCATCATCGATGGCCCAGCCAACTACAACGTGGA 
FSTFELFLTIIDGPANYNVD 
1870 1890 1910 

CCTGCCCTTC^TGTAGAGCATCA<XTATGCT 
IiPFMYS ITYAAFAI IATLLM 
1930 1950 1970 

GCTCAACCTCCT CATTGCCATGATGGG CGACACTCACTGGOGAGTGG C CCATGAGCGGG A 
LKLLIAMMGDTHWRVAHERD 
1990 2010 2030 

TGAGCTGTGGAGGGCCCAGATTGTGGCCACCACGGTGATGCTGGAGCGGAAGCTGCCTCG 
E L'WRAQ IVATTVMLE R K I) PR 
2050 2070 2090 

CTGCCTGTGGCCTCGCTCCGGGATCTGCGGACGGGAGTATGGCCTGGGGGACCGCTGGTT 
CLWPRSGICGREYGLGDRVIF 
2110 2130 2150 

CCTGCGGGTGGAAGACAGGCAAGATCTCAACCGGCAGCGGATCCAACGCTACGCACAGGC 
LRVE DRQDLMRQRI QRYAQA 
2170 2190 2210 

CTTCCACACCCGGGGCTCTGAGGATTTGGACAAAGACTCAGTGGAAAAACTAGAGCTGGG 
FHTRGSEDLDKOS.VEKLE'LG 
2230 2250 2270 

CTGTCCCTTCAGCCCCCACCTGTCCCTTCCTACGCCCTCAGTGTCTCGAAGTACCTCCX^ 
CPFSPHLSLPTPSVSRSTSR 
2290 2310 2330 

CAG CAGTGCCAAT T G G GAAAGG CT TCGG CAAG G SACCCT G AGGAGAG ACCT GCGTGGG AT 
SSANWERLRQGTLRRDLRGI 
2350 2370 2390 

AAT CAACAGGGG T CTG G AGGACGG GGAG AG CT GGGAAT ATC AGAT CT GACT G CG TG TTCT 
INRGLEDGESWEYQI 

2410 2430 2450 

CACTTCGCTTCCTGGAACTTGCTCTCATTTTCXrra 

2470 2490 2510 

AACACCCAG AG GT CT C ATCT C C CAGGCCCCAGGGAGT^AAGAGGAGT AGCAT GAACGC C AA 

2530 2550 2570 

GGAATGTACGT TGAG AATCACTGCTCCAGGCCTGCATT ACTCCTT CAGCT CTGGGGCAGA 
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2590 2610 2630 

GGAAGCCCAGCCCAAGCACGGGGCrrGGCAGGGCGTGAGGAACTCTCCTGTGGCCTGCrCA 

2650 2670 . 2690 

TCACCCTTCCGACAGGAGX^CTGCATGT 

2710 2730 2750 

GGCCCTCGGTCTCCACCCCAGGGTCATAAGTGGGGAGAGAGCCCTTCCCAGGG<^CC^G 

2770 . 2790 2810 

GCAGGTG<^GGGAAGT3CAGAGCTTGTGGAAAGCGTCT 

2830 2850 2B70 

TCTGGGGGTGGGAAGTGGGGCTAGGTCTTGCC^CTCC^TCTTCAATAAAGTCGTTTTCG 

2890 2910 
GATCCCTAAAAAAAA^AfiAAAW^AAAAAAAAA 



MGXSLPKEKGLILCLWSKFCRWFQE^RESWAQSRDEQNLI^QKRIWESPLLLAAKDNDVG 

ALYDNLEAAMVLMBAAPELV FE PMTSELYEGOTAIJIIAVVNO^MNLVRALIJU^RAS VSARATGTAFR11S PRNLI YFGEHPLS FAAC 
VH SEE I VRLLI EHGAD I RAQ DS LGNTVLHI LI LQPNKT FACQMYNLLLS YDRHG DHLQFLDLVPNHOGLT P FKLAG VEGNTVMFQH 
IiiQKRKHTQWTYGPLTSTLYDLTEIDSSGDEQSLI^ 

MCCIYRPLKPRTNNRTSPRDNTLLC£KLLQEAYW^ I 
TYAFMVLVTMVMRLISASGEWPMSFALVLGWCWV^ 

PEELGH FY DYPMALFST FEI* FLT I IDGPAN YNVDL PFMYS ITYAAFAI I ATLLMLNLLIAMMGDTHWRVAHERDELWRAQ IVATTV 

MLERKLPRCLWPRSGICGREYGLGDRWFLRVEDRQDLNRQRI 

SRS SANWERLRQGTLRRDLRGI INRGXE DGE SWEYQ1 
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Figure 8: 



4 



ATGGGTTTGTCACTGCCCAAGGAGAAAOSGCTAATTCTCT 
MGLSLPKEKGLILC 
250 270 290 

GCCTATGGAGCAAGTrCTGCAGATGGTTCCAGAGACGGGAGTCCTGGGCCCAGAGCCGAG 
LWSKFCRV7FQRRESWAQSRD 
310 330 350 

ATG AGCAGAAC CTG CTGCAG CAG AAGAG G ATCTGGGAGT CTCCT CTCCTT CT AGCT GCCA 
EQNLLQQKRIWESPLIiLAAK 
370 390 410 

AAGATAATGATGTCCAGGCCCTGAACAAGTTGCTCAAGTATGAGGArTGCAAGGTGCACC 
DNDVQALNKLLKYEDCKVHQ 
430 450 470 

AGAGAGGAGCCATGGGGGAAACAGCGCTACACATAGCAGCCCTCTATGACAACCTGGAGG 
RGAMGETALHIAALYDNLEA 
490 510 530 

CCGCCATGGTGCTGATGGAGGCTGCCCCGGAGCTGGTCTTTGAGCCCATGACATCTGAGC 
AMVLMEAAPE LVFEPMTSE L 
550 570 590 

T CT AT GAGGGT CAG ACT GCACTG C ACAT CG CT G TTGT GAAC CAGAACATGAAC CT GG T G C 
YEGQTALHIAVVNQNMNLVR 
610 630 650 

GAGXXCTCCTTGCCCGCAGGGCCACTGTCTCTGC 

ALLARRASVSARATGTAFRR 
670 690 710 

GTAGTCOTGCAACCTCATCTACTTTGGGGAGCACXXTTTGTCCTT 

SPCN1IYFGEHPLSFAACVN 
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730 750 770 

ACAGTGAGGAGATCGTGCGGCTGCTCATTGAGCATGGAGCTGACATCCGGGCCCAGGACT 
SEE IVRLLI EHGADIRAQDS 
790 810 830 

CCCTGGGAAACACAGTGTTACACATCCTCATCCTCCAGCCC^CAAAACCTTTGCCTGCC 
LGNTVLHIL I LQPNKTFACQ 
850 870 890 

AaATGTACMCCTGTTGCTGTCCTACGACAGACATGGGGACCACCTGCAGCCCCTGGACC 
MYNLLLSYDRHGDHLQPLDL 
910 930 950 

TCGTGCCCAATCACCAGGGTCT CACCCCTTTCAAG CTGGCTGGAGTGGAGGGTAACACTG 
VPNHQGLTP FKLAGVEGNTV 
970 990 1010 

TGATGTTT CAG CACCTGATGCAGAAG CG G AAG CAC ACCCAGT GG ACGTATGGACCACTG A 
MFQHLMQKRKHTQWTYGPLT 
1030 1050- 1070 

CCTCGACTCTCTATGACCTCAC&GAGATCGACT 

STLYDLTEIDSSGDEQSLLE 
1090 1110 1130 

AACTTATCATCACCACCAAGAAGCGGGAGGCTCGCCAGATCCTGGACCAGACGCCGGTGA 
LI I TTKKREARQ ILDQTPVK 
1150 1170 1190 

AGGAGCTGGTGAGCCTCAAGTGGAAGCGGTACGGGCGI^GTACTTCTGCATGCTGGGTG 
ELVSLKWKRYGRPYFCMLGA 
1210 1230 1250 

CCATATATCTGCTGTAC&TCATCTGCTTCACCATGT^ 

IYLLYIICFTNCCIYRPLKP 
1270 1290 1310 

CCAGGACCAATAACCGCACGAGCCCCCGGGACAACACCCTCTTACAGGAGAAGCrACTTC 
RTNNRTSPRDNTLLQQKLLQ 
1330 1350 1370 

AGGAAGCCTACATGACCCCTAAGGACGATATCCGGCTGGTCGGGGAGCTGGTGACTGTCA 
EAYMTPKDD I RLVGELVTVI 
1390 1410 1430 

TTGGGGCTATCAra^CTGCTGGTAGAGGTTCCAGACATCTTCAGAATGGGGGTCACTC 
GAI IILLVEV PDIFRMGVTR 
1450 1470 1490 

GCT T CT TTGGACAGAOCAT CCTTGGG G GC CCATT C C ATGT CCTCATCAT C AC CT ATGCCT 
FFjGQTZLGGP FHVLIITYAF 
1510 1530 1550 

TCATGGTGCTGGTGAOCATGGTGATGCGGCTCATCAGTGCCAGCGGGGAGGTGGTACCCA 
MVLVTMVMRL I SASGEVVPM 
1570 1590 1610 

TGTCCTTTGCACrrCGTGCTGGGCTGGTGCAAC^TCATCTACTT 

SFALV1GWCNVMYFARGFQM 
1630 1650 1670 

TGCTAGGCCCCTTCACCATCATGATTCAGAAGATGATTT-TTGGCGACCTGATGCGATTCT 
LGPFTIMIQKMIFGDLMRFC 
1690 1710 1730 

GCTGGCTGATGGCTGTGGTCATCCTGGGCTTTGCTTCAGCCTTCTATATCATCTTCCAGA 
WLMAVVILGFASAFYIIFQT 

1750 1770 1790 

CAGAGGACCCCGAGGAGCTAGGCCACTTCTACGACTACCCCATGGCCCTGrTCAGCACCT 
EDPEELGHFYDYPMALFSTF 
1810 1830 1850 

TCGAGCTGTTCCTTAOCATCATCGATGGCCCAGCCJ^ 

ELFLTI IDGPANYNVDLPFM 
1870 1890 1910 

TGTACAGCATCACCTATGCTGCCTTTGCCATCATCGCCACACTGCTCATGCTCAACCTCC 
YSITYAAFAI IATLLML.NLL 
1930 1950 1970 

TCATTGCCATGATGGGCGACACTCACTGGCGAGTGGCCCATGAGCGGGATGAGCTGTGGA 
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IAMMGDT HWRVAHE RDELWR 
1990 2010 2030 

GGGCCCAGATTGTGGCGACCACGGTGATGCTGGAGCGGAAGCTGCCTCGC7GCCTGTGGC 
AQIVATTVMLERKLPRCLWP 
2050 2070 2090 

CTCGCTCCGGGATCTGOGGACGGGAGTATGGCCTGGGAGACCGCTGGTTCCTGCGGGTGG 
RSGICGREYGLGDRWFLRVE 
2110 2130 2150 

AAGACAGGCAAGATCTCAACCGGCAGCGGATCCAACGCTAC^CACAGGCC , ?TCCACACCC 
DRQDLNRQRIQRYAQAFHTR 
2170 2190 2210 

GGGGCTCTGAGGATTTGGACAAAGACTCAGTGGAAAAACTAGAGCTGGGCTGTCCCTTCA 
GSE DLDKDSVEKLELGCPFS 
2230 2250 2270 

GCCCCCACCTGTCCCITCCTATGCCCTCAGTGTCTCGAAGTACCTCCCGCAGCAGTC 
PHLSLPMPSVSRSTSRSSAN 
2290 2310 2330 

ATTGGGAAAGGCTrcGGC^GGGACCCTGAGGAGAGACOTGCGTGGGATAATCAACAGGG 
WERLROGTLRRDLRGI INRG 
2350 2370 2390 

GTCTGGAGGACGGGGAGAGCTGGGAATATCAGATCTGA 
LEDGESWEYQI* 



HGLS LPKEKGL I LCLWSKFCRWFQRRE SWAQSRDEQNLLQQKRI WESPLLLAAKDN DVQALNKLLKYE DCKVHQRGAMGETALHIA 
ALYDN LEAAMVLMEAAPELV FEPMT S E LYEGQTALHI AWNQNMN LVRALIARRAS VS ARATGTAFRRS PCNLI YFGEH PLS FAAC 
VNSEEBTRIilEHGADIRAQDSLGNTVIJIIM 

IWQKRKHTQWTYGPLTSTLYDLTEIDSSGDEQSLLELI ITTKKREARQILDQTPVKELVSLEO^KRYGRPYFCMLGAIYLLYI ICFT 
MCC I YRPLKPRTNNRTS P RDNTLLQQKLLQEAYMT PKD DI RL VGE LVTVI GAI 1 1 1LVE VPDI FRMGVTRFFGQTTLGGPFH VLI I 
T YAFMVLVTMVMRLISAS GE WPMS FALVLGWCNVMY FARG FQMLGP FT IM I QKM I FG DLMRFCWLMAWI LG FASAF Y I 1 FQTED 
PEE LGHFYDY PMALFST FE LFLT IIDGPANYNVDLPFMYS ITYAAFAI I ATLLMLUIiLIAMMG DTHWRVAHERDELWRAQ IVATTV 
MLERKLPRCLWPRSGICGREYGLGDRWFLRVEDRQDLNRQRIQRYAQAFHTO 
SRSSANWERLRQGTLRRDLRGIINRGLEDGESWEYQI 



»; 

CAAACK^CAGCCCTCTCCAAACPGGCTGGGGCTGCT 

CCTCTACAGGGAGACGGTGGGCCGGCCCTTGGGGGGGCTGATGrGGCCCCAAGGCTGAGTCCCGTCAGGGTCTG 
GGCCCCCAAGGAGC^GGCCCTACACCCCATGGCTTTGTCACTGCCCAAGGAGAAAG 
GCAGATGGTTCCAGAGACGGGAGTCCTGGGCCCAGAGCCGAGATGAGCAGAACX^GCTGCAGCA^ 
CTCCTTCTAGCTGCCAAAGATAATGATGTCCAGGCCCTGAACAAGTTGCTCAAGTATGAGGATT 

CAT GGGGG AAACAGCG CT ACACATAGCAGCCCTCTAT GACAACCTGGAGGCCGCCATGSTGCTGATGGAGGCTGCX^CCGGAGCTGG 

TCTTTGAG CC C ATGACATCTGAG CTCTATGAGGGTCAG ACT G CACTGCACATCG CTG T PGTGAAC CAGAACAT G AACCTGGTGCGA 

GCCCreCTTGCCO^GGGCCAGTGTCTCTGCC^GAGCaVCAGGCACTG 

GGAGCACCCTTTGTCCITTGCTGCCTGTXSTGAACAGTGAGGAGATCGTGCGGC^ 

AGGACTGCCTGGCCCAAC^AAACCrTTGCCTGCCAGATCTACAACCTGTT 

CCTGGACCTCGTGCCCAATCACCAGGGTCTCACCCXrrTTCAAGCTGGCTGGAGT 

TCCAGAAGCGGAAGC^C^CCCAGTGGACGTATGGAC^CrGACCTCGACTC 

GAGCAGTCCCTGCTGGAACPTATCATCACCACCAAGAAGCGGGAGGCTCGCCA^ 

GAGCCTCAAGTGGAAGCGGTACGGGCGGCCGTACTTCTGCATGCTGGGTGCC^ 

GCTGCATCTACCGCCCCCTCAAGCCCAGGACCAATAACCGCAC^ 

GAAGCCTACGTGACCCCTAAGGACGATATCCGGCTGGTCGGGGAGCTGGTGACTGTCATTGGGGCTAT^ 

GGTTXX^GACATCTTCAGAATGGGGGTCACT CGCTT CTTTGGACAGACCAT CCTTGGGGGCCCATTCCATGTCCTCATC ATCACCT 
ATGCCTTCATGGTGCTGGTGACCATGGTGATGCGGCTCATATGATTT^ 

TCArOCTGGGCTTTGCTT CAGCCTT CTATAT CATCTTCCAGACAGACXaACCCCGAGG AGCTAGGCCACTTCTACGACT ACCCCATG 

GCCCTGTTCAGCACCTTCGAGCTGGTCCTTACCATCATCGATGGCC<^G 

CACOTATGCTGCC^^TGCCATCATCGCXIACACTGCTCATGCTCAACCT 

CCCATGAGCGGGATGAGCTGTGGAGGGCCCAGATTGTGGCCACCACGGTGATGCTG 

CGCTCCGGGATCTGCGGACGGGACTATGGCCTGGGGGACCGCTGGTTCCTGCGGGTG^ 
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GATCCAACGCTACXSCACAGGCCTTCCACACCCGGGGCT 

CCTTCAGCCCCCACCTGTCCCTTCCTACGCCCTCAGTGTCTOSftAGTACCTCCCGCAGCAG 

GGGACCCTGAGGAGAGACCTG CGTGGGAT AAT CAACAGGGGTCTGGAGG ACGGGG AGAGCTGGGAATAT CAGATCTGACTGCGTGT 
TCTCACTTCGCTTCCTGGAACTTGCTCT 

AGGCCCC AGGG AGAAAGAGGAGT AGCAT G AACGCCAAGG AATGT ACGT T GAG AAT CACI GCT CCAG GCCT GCAT T ACT CCTT CAG C 
TCTGGGGCAGAGGAAGCCCAGCCCAAGCACGGGGCTGGCAQGGCGT 

GAGCACTGCATGTCAGAGCACTTT AAAAAC AGGCCAG CCTGCTTGGGCCCTCGGTCTCC ACCCCAGGGT CATAAGTGGGGAG AGAG 

CCCTTCCCAGGGCACC<^GGCAGGTGCAGGGAAGTGC^ 

GTGGGAAGTGGGGCTAGGTCTTGCCAACTCC^TCTTCA^^ 



C AAACT C ACAGCCCTCTC C^AACTGG CTGGGGCT G CTGGGAGAC T CCCAAGGAACTCG T C AGG AAG GC AGGAGACA3GAGACGGGA 

CCTCTACAGGGAGACGGTGGGCCGGCCCTTGGGGGGGCT^ 

GGOXCCAAGGAGCCGGCCCTAC^CX;CCATGGGTC^ 

GCAGATGGTTCraGAGACGGGAGTCCTGGGCCra 

CTCCTTCTAGCTGCCAAAGATAATGATGTCCAGGCCCrcAACAA 

CATGGGGGAAACAGCGCTACAC^AGCAGCCCTCT 

TCTTTGAGCCCATGACATCTGAGCTCTATGAGGTCCT^ ' 

AAGAGGAAGAGATGGGCAGCAGCTGGATCCtXTGGGAATCCT 

GGGAAAGAGACTCGGGTGCATATGGGAGGGACCCCCTGCAGGATCCra 

TCAGACTGCACTGCACATCGCTGTTGTGAACC^ 

GAGCCACAGGCACTGCCTOCCGCra 

AGTGAGGAGATCGTGCGGCTGCrCATTGAGCATGGAGCTGACATCC^^ 
AGATGTACAACCTOTTGCTGTCCTACGACAGACATGGGGAC 

CCTTT! CAAGCTGGCT GGAGTGGAGGGT AACACTGTGATGTT1 CAGCACl^TG ATGCAGAAGCGGAAGCACACCCAGTGGACGT ATGG 

ACCACT GACCTCGAC TCTCTAT GACCT CACAG AGATCGACTCCT CAGGGG ATGAGCAGT C CCTGCT GG AACTT ATCAT CAC CACCA 

AGAAGCGGG AGGCT C GCCAGATCCT G GAC CAG ACGCCGGTGAAGGAGCTGGTGAGCCT C AAGTGGAAGCG GT ACGGGCGG C CGTAC 

TTCTGCATGCTGGGTGCCATATATCTGCTGTACAT 

TAACCGCACGAGCCCCCGGGACAACACCCTCTT^ 

TGGTCGGGGAGCTCGTGACTGTOVITGGGGCTATCATC^^ 

TTCTTTGGACAGACCATCCTTGGGGGCCCATTCCATGTCCTCATCATC^ 

GCTCATCAGTGCCAGCGGGGAGOTGGTACO^TGTCCTTTGCACTCGTGCTGGGCT 

TCCAGATGCTAGGCCCCTTCACCATC^TGATTCAGAAG^ 

GGTCCTT ACCATCATCGATG GCCCAG CC AACTACAACGTGGACCTGCCCTTCATGTACAGCATCACCTATGCTGCC 
TCGCCACACTGCTCATXXrrCAAC<rrCCTCATTGCCATGATGGGCG 

GTATGGCCTG«»GACCX3CTGGTTCC?Ga3GCT 

TCCACACCCGX3GGCTCTGAGGATTTGGACAAAGACT 

CCTATGCCCTCAGTGTCTCGAAG^CCTCCCGCAGCAGTGCCAATTG 

TGGGAT AAT CAACAGGGGT CT GGAGG ACGGGGAGAGCTGGGAAT AT CAGATCTGACTGCGTGTTCTCACTTCGCTTCCTGGAACTT 
GCTCTCATTTTCCTGGCTGCATGAAACA^ 

AGCATGAACGCCAAGGAATGTACX?TTGAGAATCACTGCTCCAGGCCTC 

CAAGCACGGGGCTGGCAGGGa^AGGAACTCTCCTGTGGCCTGCTC^T^ 

TAAAAACAGGCCAGCCTGCTTGGCCCCTtt^ 

GTGCAGGGAAGTGCAGAGCTTCTGGAAAGCGTGTGAGTGAGGGAGACAGG 
a^CTCCATCTTCAATAAAGTCGTTTTO^ATCCCTAAAAAA 



CAAACTCACAG CCCTCTCCAAACTGGOTGOGGCTGCTGGGAGACTCCCAAGGAACT CGTCAGGAAGGCAGGAGACAGGAGACGGGA 

CCT CT ACAGGGAGACGGT GG GCCGG C CCTTGGGGGGGCTGATGTGGCCCCAAGGCTGAGTCCCGTCAG GG TCTGG C CT CGGCCT CA 

GGCCCCCAAGGAGCCGGCCCTACJVCCCCATGGGTTTGTCACTGCCCAAGGAGAAAGGGCTAATTCTCTGC 

GCAGATGGTTCCAGAG&CGGGAGTCCTGGGCtXAGAGCCG^ 

CTCCTTCTAGCTGCCAAAGATAATGATGTCCiVGGCCCTGAACAAG 

CATGGGGGAAAGAGCGCTAC^CATAGCAGCCCT 

TCTTTGAGCCCATGACATCTGAGCTCTATGAG^TC^ 

GCCCTGCTTGCCCGCAGGGCCAGTGTCTCTGC^GAGC^^ 
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Fig. 8 / continuation • 

AAACACAGTGTTACACATCCTCATOCTC 
ATGGGGACCACCTGCAGCCraTGGACCTCGT^ 

GTGATGTTTCAGCACCTGATGCAGAAGCGGAAGCACACCCAGTGGACGTATGGACCACTGACCT 

GATCGACTCCTCAGGGGATGAGCAGTCCCTGCTGGAACTTATCATC^^ 

OSCCGGTGAAGGAGCTGGTGAGCCTCAAGTGGAAGCGGTACGGG^ 

ATCAT CTGCTT C ACCATGT GCT G CATCT ACCGCCCCCT CAAGCCCAGG ACCAAT AACCG CAC AAGC C CC CGGG AC AAC ACC CT CT T 
ACAGCAGAAGCTACTTCAGGAAGCXTACGTGACCCCTAAGGACG AT ATCCGGCTGGT CGGGGAGCTGGTGACTGTCAT TGGGGCT A 
TCATCATCCTGCTGGTAG AG GT T CGAG AC ATCTT CAGAATG GG GGT CACT CG CTT CTTT GGACAGAC GATCCTT GGGGGCCCATT C 
CATGTCCTCATCATCACCTATGCCTTCATGGTGCT 
GTCCTTTGCACTCGTGCTGGGCT9GTGCAACGTCATGTACT 

AGAAGATGATTTTTG«CGACCTGATGCGATTCTGCTGGCTGATGGCTGTGX3TCATCCTGGGCT 

TTCCAGACAGAGGACCCC^GGAECTAGGCCACTTCTACGACTACCCCATGGCCCT 

CATCGATGG^CXAGCCAACTACAACGTGGACCTGCCCTTCATGTACAGCATCACCTA 

TCAT GCTCAACCTCCT CAT T G CCATG AT GGGCGACACT CAC TGGCGAGTGG CCCAT GAGCGGGAT GAGCTGTG GAGGG CC C AG AT T 

GTGGCCAC(^CGGTGATGCTGGAGCG<3AAGCTGCCI^^ 

GGACCCCTG^TTCCTGCGGGTGGAAGACAGGCAAGATCT^ 

G CTCTGAGGAT^TGGACAAAG ACTCAGTGGAJUiAACT GGGCTGT CCCTTC AGCCCCCAC CT GTCC C TTCCTACGCCCTCA 

GTGTCTCGAAGTACCTCCCGC^GCAGTGCCMTTGGGAAAGGCTT^ 

CAGGGGTCTGGAGG^CGGGGAGAGCTGGGAATATCAGATCT 

CTGGGTGCATCAAACAAAACAAAAACCAAACACCCAGAGGTCTCATCTCCCAGGCC ' 
AAG&AATGTACTTTTGAGAATGACIGCTCCM 

TGGCAGGGCGTGAGGAACTCTCX^GTGGCX:TGCTCATCACCC?TCCG^ 
AGCCTGCTTTGGGCCCTCGGTCTCCACCCCAGGGTC^ 
GCAGAGCTTGTGGAAAGCGTGTGAGTGAGGGAGACAGGAACG^ 
TO\ATAAAGrCGTTTTCG^ATCX:CTAAAAAAAAAAAAAAAAAAAAAAAAAA 



CACACATGGGGCCTCCCAGGACTGCCCAGGACCTCGTGCTGOT 

(^TATAACCCACCTCTCTGTAAATGCCAG^ 

CCATGGTGCTGATGGAGGCTGCCCCGGAGCTGGTCTTTGAGC^ 

GGGT GAAG AG CAG GAGT G ACX3TGGTTGGGT ATOCAAGTCAGT CTCTGTGATGGAT AAT TTGG GAAAGACACAGGGG AT CTGAGCCT 
CCTACTCTTTTTSTCTTCTCTGTCTCC^^ 

GCCT AGAG AAGAGGAAGAGATGGGCAGCAG CTGGATCCCCT GG GAATCCT GAACACCCGAGAGCT C(XTT GT TCTC CAT CCCAGGCT 

ACCCCTGAGX3G&AAGAGACTAG<^TGCATAT<^ 

CTGGGCCAGGTCAGACTGCACTGCACATCGCTG^ 

OTCTCTGCCAGAGCCACAGGC^CTGCCTTCCGCXZGTAGTCCCTG 

CTGTGTGAACAGTGAGGAGATCCTGCG^CTGCTCAOT^ 

TTGCTGTCCTACGACAGACATGG^GJ^CCACXrrcCAG^ 

TGGAGTGGAGGGTAAC^CTGTC^TGTTTC^GCACCTGATGCAG 

CTCTCTATGACCrCACAGAGATCGACTCCTC^GGGGATGAGCAGTCXCTGCT 

CGCC^GATCCTGGACXAGACXSCCGGTGAAGGAGCTGGTG^ 

TGCCATATATCTGCTGTACATCATCTGCTT^ 

CCCGGGACAACACCCTCTTACAGCAGAAGCTACTTCAGGAAGCCT^ 

GTGACTGTCATTGGGXSCTATCATCATCCTGCTGGra^ 

C&TCCTTGGGGGCCCATTCCATGTCCTCATC&TCAC^ 

GCXSGGGAGGTGGTACCCATGTCCTTTGC^CTCGTGCTG^ 

CCCrTTCACCATCATGATTCAGAAGATGATTTTT 

TTCAGCCTTCTATATCATCTTCCAGACAGAG 

TCGAGCTGCTCCTTACCATCATCGATGGCC^ 

GCCATCATC^CCAC^CTGCTCATGCTCAACCTCCTCATTGCCATGA 

GCTGTGGAGGGCCCTGATTOTG^CCACX^CGGTGTVTGCTGGRGCGGAAGCTG 

GACGGGAGTATGGCCTGGGAGACCGCTGGTTCCTGCGGGTGGAAGACAGGCAAG^^ 

CAGGCCTTCCACJMXXXMGGCTCTGAGG^^ 

GTC^CTTCCTATGCCCTCAGTGTCTCXSAAGTACCTCCCGCAGCAGTGCCA^ 

ACCTGCGTG^GJlTAATCAAC&GGGGTCrC&AGGACGG 

GGAACTTGCTCTCATTTTCCTGGGTGCATCAAACAAAACAAAA 

GAGGAGTAGCATGAACGCCAAGGAATGTACGTTGAGAATCACTGCTCCAGGCCT^ 

CCCAGCa^GCACGGGGCTGGCAGGGCCTGAGGAACTCTC^ 

AGraCTTTAAAAACAGGCCAGCCTGOTGGGCCCTCGGTCT^ 
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CAGG CAGGTG CAGG GAAGT GCAG AGCTTG TGGAAAG CGTGTGAGT GAGGG AGACAGGAACG GCTCTGG GGGTGGGAAGTG GGGCTA 
GGTCTTGCCAACTCCATCTTCAATAAAGTCCT 
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Figure 9: 
A. 



10 30 50 

CGGGGCCCTGGGCTGCAGGAGGTTGCGGCGGCCGCGGCAGCATGGTGGTGCCGGAGAAGG 

M V V P E K E 
70 90 110 

AGC AGAGCTGGATCC CCAAGATCTT CAAGAAG AAG ACCTGCACGACGTTCAT AGTT G ACT 
QSWIPKIFKKKTCTTFIVDS 
130 150 170 

CCACAGATCCGGGAGGGACCTTGTGCCAGTGTGGGCGCCCCCGGACCGCCCACCCCGCAG 
TDPGGTLCQCGRPRTAHEAV 
190 .210 230 

TGGCCATGGAGGATGCCTTCGGGGCAGCCGTGGTGACCGTGTGGGACAGCGATGCACACA 
AMBDAF. GAAVVTVWDSDAH T 
250 270 290 

CCACGGAGAAGCCCACCGATGCCTACGGAGAGCTGGACTTCACGGGGGCCGGCCGCAAGC 
TEKPTDAYGE LDFTGAGRKH 
310 330 350 

ACAGCAATTTCCTCCGGCTCTCTGACCGAACGGArCCAGCT 

SNFLRLS DRT DPAAVYSLV T 
370 390 410 

CACGCACATGGGGCTTCCGTGCCCCGAACCTGGTGGTGTCAGTGCTGGGGGGATCGGGGG 
RTWGFRAPNLVVSVLGGSGG 
430 450 470 

GCCCCGTCCTCCAGACCTGGCTGCAGGACCTGCTGCGTCGTGGGCTGGTGCGGGCTGCCC 
PVLQTWLQDLLRRGLVRAAQ 
490 510 530 

AGAGCACAGGAGCCTGGATTGTCACTGGGGGTCTGCACACGGGCATCGGCCGGCATGTTG 
STGAWIVTGGLHTG IGRHVG 
550 570 590 

GTGTGGCTGTACGGGACC^TCAGATGGCCAGCACTGGGGGCACC^AGGTGGTGGCCAT^ 
VAVRDHQMASTGGTKVVAMG 
■ 610 630 650 

GTGTGGCCCCCTGGGGTGTGGTCCGGAATAGAGACACCCTGATCAACCrCAAGGGCTCGT 
VAPWGVVRNRDT LINPKG S F 
670 690 710 

TCCCTGCGAGGT ACCGGTGGCGCGGTGACCCGGAGGACGGGGT CCAGTTTCCCCTGGACT 
PARYRWRGD PED GVQFPLDY 
730 750 770 

ACAACTACTCGGCCTrCTTCCTGGTGGACGACGGCACACACGGCTGCCTGGGGGGCGAGA 
N YSAFFLV D DGT H6CL6 GEN 
790 810 830 

ACCGCTTCCGCTTGCGCCTGGAGTCCTACATCTCACAGCAGAAGACGGGCGTGGGAGGGA 
RFRLRLESYI SQQKTGVGGT 
850 870 890 

CTGGAATTGACAT CCCTGTCCTG CTCCT CCTGATTG ATGGTG ATGAG AAGATGTTGACGC 
GIDIPVLLLLID. GDEKMLTR 
910 930 950 

GAATAGAGAACGCCACCCAGGCTCAGCTCCCATGTC 

IENATQAQLPCLLVAGSGGA 

970 990 1010 

CTGCGa^CTGCCTGGCGGAGACCCTGGAAGACACTCTGGCCO^GGGAGTGGGGGAGCCA 
ADCLAETLEDTLAPGSGGAR 

1030 1050 1070 

GGCAAGGCGAAGCCC3GAGATCGAAT CAGGCGTTTCTTTCCG^AAGGGGACCTTGAGGTCC 
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Fig. 9 / continue *n 1 
qgeardrirrffpkgdlevl' 

1090 1110 1130 

TGCAGGCCCAJGGTGGAGAGGATTATGACCCGGAJ*^ 

QAQVERIMTRKELLTVYS SE 
1150 1170 1190 

AGGATGGGTCTGAGGAATTCGAGACCATAGTTT1GAAGGCCCTTGTGAAGGCCTGTGGGA 
DGSE EFETIVLKALVKACGS 
1210 1230 1250 

GCTCGGAGGCXrTCAGCXTTACXrrGGATGAGCTGCGTTTGGCTGTGGCTTGGAACCGCGTGG 
SEASAYLDELRLAVAWHRVD 
1270 1290 1310 

ACAT TG CCCAG AGT GAACTCTTTCGGGGGGAC A*I CCAATGG CGGTCCTT C CATCT CGAAG 
I A Q S ELFRGDIQWRSFHLEA 
1330 1350 1370 

CTTCttrTOlTCGACOXCT^^ 

3LMDALLKDRPBFVRLLISH 
1390 1410 1430 

AC^GC^CAGCCTGaXCACTTCCTGACCCOGATGCGCCTGGCCCAACTCTAa^CXSC^ 
GLSLGHFLTPNRLAQLYS AA 
1450 1470 1490 

ascccrrcxAAcrascTC^TCCGCA^ 

PSNSLIRNLLDQASHSAGTK 
1510 1530 1550 

AAGCCCCAGCCCTAAPJIGGGGGAGCTGCGGAGCTCCGGCCCCCTGACGTGGG3CATGTGC 
APALKGGAAELRPPDV GHV'L 
1570 1590 1610 

TGAG<^TGCTGCTGGGGAAGATGTGCGCGCCGAGGTACCC 

RMLLGKMCAPRYPSGGAW DP 
1630 1650 1670 

CTCACCCAGGCCAGX^CTTCGGGGAGAGCATGTATCTGCT 

HPGQGFGESMYLLSDKATSP 
1690 1710 1730 

CGCTCTCGCTG^TGCTGGCCTCGGGCAGGCCCCCT^ 

LSLDAGLGQAPWSDLLLWAL 
1750 1770 1790 

TGTTGCTGAACAGGGCACAGATGGCC^TGTACTTCTGGGAGATGGGTTCCAATGCAGTTT 
LLNRAQMAMYFWEMGSNAVS 
1810 1830 1850 

CCTCAGCTCTTGGGGCCTGTTTGCTGCTCCGGGTGATGGCACGCOTGGAGCCI^ 

SALGACLLLRVMARLEFDAE 
1870 1890 1910 

AGGAGGCAGCACGGAGGAAAGACCTGGCGTTCAAGTrTGAGGGGATGGGCJTTT^ 

EAARRKDLAFKFEGMGVDLF 
1930 1950 1970 

TTGGCGAGTGCTATCGCAGCAGTGAGGTGAGGGCTGCCCGCCTCCTCCTCX^?ICGCTGCC 
GECYRSSEVRAARLLLBRCP 
1990 2010 2030 

CXaCTCTGGGGGGATG CCACTTGCCTCCAGCTGGCCArGCAJiGCTGACGCCCGl G CCTTCT 
LWGDA'TCLQLAMQADAFAFF 
2050 2070 209O 

TTGCCCAGGATGGGG7ACAGTCTCTGCTGACACAGAAGTGGTGGGGAGATATGGCCAGCA 
AQDGVQSLLTQKWWGDMAST 
2110 2130 2150 

CTACACCCATCTGGGCCCTGGTTCTCGGCTTCTrrrGCCCTCCACT CATCT 

TPIWALVLAFFCPPLIYTRL 
2170 2190 2210 

TCATCACCTTCAGG AAAT C AG AAGAGGAG C CC ACACGGG AGGAGCTAGAGT ? TGACAT GG 
ITFRKSEEEPTREE LEFDMD 
2230 2250 2270 

ATAGT^STCATTAATGGGGAAGGGCCI^CGGGAGGGCXBGACCCAGCCG^ 

SVINGEGPVGTADPAEKTPL 
2290 2310 233G 
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Fig. 9 / continup-^on 2 

TGGGGGTCCCGCGCOlGTCGGGCCGTCCGGGT?GCTGCGGGGGCCGCTGCGGGGGGCGCC 
GVPRQSGRPGCCGGRC GGRR 
2350 23*70 2390 

GGTGCCTACGCCGCTGGTTCCACTTCTGGGGCGTGCCGG^ 

CLRRW FH F-WGYPVTI FMGNV 
2410 2430 2450 

TGGTCAGCTACCTGCTGTTCCTGCTGCTTrTCTCGCGGGTGCTGCTCGTGGft 

VSYLLFLLLFSRVLLVDFQP 
2470 2490 2510 

CGGCGCCGCCCGGCTCCCTGGAC^GCTGCTCTATT 

APPGS LELL1YFWAFTLLCE 
2530 2550 2570 

AGGAACTGCGCCAGGGCCTGAGCGGAGGCGGGGGCAGCCTCGCCAGCGGGGGCCCCGGGC 
ELRQGLSGGGGSLASGGPGP 
2590 2610 2630 

CTCGCCATGCCTCAC7GAGCCAG^CCTGCGCC?CTACCT 

GHASLSQRLRLYIiADSWNQC 
2650 2670 2690 

DLVALTCFLLGVGCRLTPGL 
2710 2730 2750 

TGTACCACCTG<SGCCGCACTGTCCTCTGCATCGACTTCAT^ 

YHLGRTVLCIDFMVFTVRLI. 
2770 2790 2810 

TTOU^TCTTCACGGTCAACAAACAOT 

HIFTVNKQLGPKIVIVSKMM 
2830 2850 2870 

TGAAGG&CX3TGTTCTTCTTCCTCTTCTTCCT 

KDVFFFLFFLGVWLVAYGVA 
2890 2910 2930 

tCACGGAGGGGCTCCTGAGGCTACGGGAC^GTGACTT 

TEGLLRPRDSDFPSILRRVF 
2950 2970 2990 

TCTACOGTCCCTACCTGCAGATCTTCGGGCAGATTCCCCAGGAGGACATGGACGTGGCCC 
YRPYLQIFGQIPQEDMDVAL 
3010 3030 3050 

TC^TGGAGCACAGGAACrrcCTCGTCGG 

ME'HSNCSSEPGFWAHPPGAQ 
3070 3090 3110 

AGGCGGGCACCTGCGTCTCO^GTATGCCAACTGGCTG^ 

AGTCVSQYANWLVVLLLVIF 
3130 3150 3170 

LLVAH I L LVNLLIAMFSYT F 
3190 3210 3230 

TCGGCAAAGTACAGGGCAACAGCGATCTCTACTGGAAGGCGCA^ 

GKVQGHSDLYWKA QRYRLIR 
3250 3270 3290 

GGGAATTCCACTCTCGGCCCGCGCTGGCCCre^ 

EFHSRPALAPPFIVISHLRL 
3310 3330 3350 

TCCTGCTCAGGCAATTGTGCAGGCGACCCCGGAGCCCCCAGCCGTCCTCCCCGGCCCTCG 
LLRQLCRRPRSPQPSS PALE 
3370 3390 3410 

AG CAT TTCCG GGTT7 AC CT TTC T AAGGAAG CCGAGCGGAAG CTGCTAACG T GGG AAT CGG 
HFRVYLSKEAERKLLTWESV 
3430 3450 3470 

T G CAT AAGGAGAAC77 T CT GCTGG CACGCGCT AGGGACAAGCX5GGAGAGCG ACTCCGAGC 
HKENFLLARARDKRESDSER 
3490 3510 3530 

GTCTGAAGCGCACGTCCCAGAAGGTGGACTTGG CACTGAAACAGCTGGGACACATCCGCG 
LKRT S QKVDLALKQLG H I RE 
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Fig. 9 / continur i 3 

3550 3570 3590 

AGTACGAACAGCGCCIXSAAAGTGCTGGAGCGGGAGGTCCAGCA 

Y E Q R LKVLEREVQQCSRVLG 
3610 3630 3650 

GGTGGGTKSGCCX^GGXXCTGAGCCGCTCTGCC^ 

WVAEALSRSALLPPGGPPPP 
3670 3690 3710 

CTGJlCCTGCCTGOSTaaUUlGACTGAGCCCT^ 
DLPGSKD* 

3730 3750 3770 

AGGGGATTTTGCTCCTftGAGTAAGGCTCATCTGGGC 

3790 3810 3830 

TGTCCTTGAGGTGAGCCCCATGTCCATCTGGGGCAC^^ 

3850 3870 3890 

3910 3930 3950 

CAAGGCCTGGATCCCGGG CCGTT ATCCAT CTGGAGGC T GCAGGGT C CTT GGGGTAACAGG 

3970 3990 4010 

GACGACAGACCCCTCACCACTCACAGATTCCTC^ 

4030 

GGAAAAAAAAAAAAAAAAAAAA 



IWVPEKEQSWIPKIFKKKTCTTFIVDSTDPGGTLCC£^ 

SN FLRLS DRTDPAAVYSLVTRTKG FRAPNLWSVLGG SGGPVLQTWI^DIiLRRGLVRAAQSTGAWIVTGGLRTGIGRItVG VAV 
®^STGGTKVVAMGVAPWGVVRNRDTLIN PKG3 FPARYRWRG D PE DGVQFPIiDYNYS AFEXVDDGTHGCLGGENRFRLRLE SY 
QKTGVGGTGI DI PVLLLLI DGDE2^NLTRIENATQAR17PCLLVAG SRGIiGMPGGTIJiMIiACEGDHKANQS TN QLLLPEDLS IK 
SIDRKTLQSYSERLAVBWKRVDIAQSELFKGDIQtmS 
LIRlHJ#DQASHSAGTKAPAIi<GX3AAElJtPPDVGHVLRBaj^KMCA 

PW 3 DLLLWALLLNRAQMAMY FWEMG 3N AVS SAIA^CLLLRVMARI^PDAEEAAPJIKDI^^ SEVRAAP 
RRCPL1IGDATCLQLA>3QADARAFFAQDGVQSLLTQKWWGDMASTT PBflALVIAFrCPPLIYTRL IT FRKSEEE PTREELE FT* 
INGEGPVGTADPAEKTPlX^PRQSGRPGCCGGRCGGRRCTJOlWFHFWGVPVTIFt^^ 

LL Y FWAFT LLCEE LRQGLS GGGG S LAS GG PG PGHAS LSQRLRLYLAD SWNQCDLVALTCFL1GVGCRLT PGLYHLGRTVLCI Z 
FTVRLLH I FTVHKQLGPKIVIVSKNMKDVFFFLFFLG VWLVAYGVATEGLLR PRDSDFPS I LRRVFYRPYLQIFGQ I PQE DME 
ME H S N C S S EPG FWAHPPGAQAGT CV S Q YANWLWLLLV I FLLVAN I L LVN Uj IAMFSYTFGKVQGN S DL YWKAQRYRL I R 2 Ft 
ALAPPFT^SHLPXLl^QLCRRPRSPQPSSPALEHFRVYLSKEAERKlaLT^ 
KQLGHIREY^QPJJC\njEREVQQCSRVl^WAEALSRSALLPPGGPPPPDLPGSKD 

') 

10 30 50 

ATCCAATGGCGGTCCTTCCATCTCGAAGCTTCCCr^ 

70 90 110 

CCTGAGTTCGTGCGCTTGCTCATTTCCCACGGCCTC^ 

130 150 170 

ATGCGCCTGGCCCAAC?CrA<^CGCGGCGCCCT^ 

190 210 230 

GACCAQGCGTCCCACAGCGCAGGCACCAAAG CCCCAGCCCT AAAAGGGGGAG CTGCGGAG 

250 270 290 

CTCCGGCCCCCTGACGTGGGGCATGTGCTGAGG^!^GCIra 

310 330 350 

AGATGTATCTGCTCrTCGGACAAGGCCACCTCGCC^^ 

MYLLS DKATSPLSLDAGLGQ 
370 390 410 

AGGCCCCCTGGAGCGACCTGCTTCTrTGGGCACT' 

APWSDLLLWALLLNRAQMAM 
430 450 470 

TGTACTTCTGGGAGATGGGTTCCAATGCAGTTTCrTCi^CTCTTGGGGCCTGTTTGC 
YFWEMGSNAVSSALGACLLL 
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490 510 530 

TCC^GGTGATGGCACGCCTGGAGCCTGACGCTGAGGAGGCAGCACGGAGGAAAGACCTGG 
RVMARLE PDAEEAARRKDLA 
550 570 590 

CGTTCAAGTTTGAGGGGATGGGCGTTGACCTCTTTGGCGAGTGCTATCGCAGCAGTGAGG 
FKFEGMGVDLFGECYRSSEV 
610 630 650 

TGAGGGCTGCCCGCCTCCTCCTCCGTCGCTGCCCGCTCTGGGGGGAaX^CACTrGCCTCC 
RAARLLLRRCPLWGDATCLQ 
670 690 710 

AGCTGGCCATGC^AGCTGACGCCCGTGCCTTCTTTGCCGAGGATGGGGTACAG'TCTCTGC 
LAMQADARAFFAQDGVQSLL 
730 750 770 

TGACACAGAAGTGGTGGGGAGATATGGCCAGCACTACACCCATCTGGGCCCTGGTTCTCG 
TQKWWGDMAST? PIWALVLA 
790 810 830 

CCTTCTTT TGCCCTCCACTCATCT ACACCCX5CCTCAT CACCTTCAGGAAAT CAGAAGAGG 
FFCPPLI YTRLITFRKSEEE 
850 870 890 

AGCCCAC ACGGG AGGAGCT AGAGTTT GACAT GGAT AGTGT CATT AATG GG GAAGGGCCT G 
PTREELEFDMDSVINGEGP V 
910 930 950 

TCGGGACGGCGGACCCAGCCGAGAAGACGCCGCTGGGGGTCCCGCGCCAGTCGGGCCGT C 
GTADPAEKT PLGVPRQSGRP 
970 990 1010 

CGGGTTGCTGCGGGGGCCGCTGCGGGGGGCGCCGGTGCCTACGCCGCTGGTTCCACTTCT 
GCCGGRCGGRRCL RRWFHFW 
1030 1050 ' 1070 

GGGGCGTGCCGGTGACCATCTTCATGGGCAACGTGGTCAGCrACCTGCTGTTCCTGCTGC 
GVPVTI FMGNVVSYLLFLLL 
1090 1110 1130 

TTTTCTCGCGGGTGCTGCTCGTGGATTTCCAGCCGGC^aXCCCGGCTCCCTGGAGCTGC 
FSRVLLVDFQPAPPGSLELL 
1150 1170 1190 

TGCTCTATTTCTGGGCTTTCACGCTGCTGTGCGAGGAACTGCGCCAGGGCCTGAGCGGAG 
LYFWAFTLLCEELRQGLSGG 
1210 1230 1250 

GCGGGGGCAGCCTCGCCAGCGGGGGCCCCGGGCCTGGCCATGCCTCACTGAGCCAGCGCC 
GG SLASGGPG PGHASLSQRL 
1270 1290 1310 

TGCGCCTCTACCTITOCCGACAGCTGGAACCAGTGC^CCTAGTGGC^CTCACCTGCTTCC 
RLYLADSWNQCDLVALTCFL 
1330 1350 1370 

TCCTGGGCGTGGGCTGCCGGCTGACCCCGGGrTTGTACCACCTGGGCCGCACrGTCC'PCT 
LGVGCRLTP GLYHLGRTVLC 
1390 1410 1430 

GCATCGACTTCATGGTTTTCACGGTGCGGCTGCTTCACATCTTCACGGrCAAC^ 

IDFMVFTVRLLHIFTVNKQL 
1450 1470 1490 

TGGGGCCCAAGATCGTCATCGTGAGCAAGATGATGAAGGACGTGTTCTTCTTCCTCTTCT 
GPKIVIVSKMMKDVFFFLFF 
1510 1530 1550 

TCCTCGGCGTGTGGCTGGTAGCCTATGGCGTGG3CACGGAGGGGCTCCTGAGGCCACGGG 
LGVWLVAYGVATEGLLRPRD 
1570 1590 1610 . 

ACAGTGACTTCCCAAGTATCCTGOGCCGCGTCTrCTACCGTCCCTACCTGCAGATCTTCG 
SDFPS IL RRV FYRPYLQI FG 
1630 1650 1670 

GGCAG^TTCCCCAGGAGGACATGGACGTGGCOTIX^TGGAGCACAGCAACTGCTCGTCGG 
QIPQEDMDVALMEHS NCSSE 

1690 1710 1730 

AGCCCGGCTTCTGGGCACACCCTCCTGGGGCCX3\GGCGGGCACCTGCGTCTCCCAGTATG 
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PGFWAHPPG AQAGTCVSQYA 
1750 1770 1790 

CX^CTGGCTGGTGSTGCTGCTCCTCGTCATCTC 

NWLVVLLLVIFLLVANILLV 
1810 1830 1850 

TCAACTTGCTCATTGCCATGTTCAGTTACACATTCGGCAAAGTACAGGGCAACAGCGATC 
NLLI AMFSYTFGKVQGNSDL 
1870 1890 1910 

TCTACTGGAAGGCGGAGCGTTACCGCCTCATCCGGGAATTCCACTCTCGGCCCGC^CTGG 
YWKAQRYRLIREFHSR PALA 
1930 1950 1970 

CCCCGCCCTTTATCXn , CATCTCCCACTTGCGCCTCCTGCTCAGGCAATTG?GCAGGCGAC 
PPFIVI SHLRIiLLRQLCR.RP 
1990 2010 2030 

CCCGGAGCCCCCAQCCGTCCTCCCCGGCCCTCGAGCATTTCCGGGTTTACCTTTCTAAGG 
RSPQPSSPALEHFRVYLSKE 
2050 2070 2090 

AAGCCGAGCGGAAGCTGCTAACGTGGGAATCGGTGCATAAGGAGAACTTTCTGCTGGCAC 
AERKLLTWESVHKENFLLA. R 
2110 2130 2150 

GCGCT AG GGACAAGCGGGAGAGCG ACTCCGAGCGTCrGA^CGCACGT CCCAGAAGGTGG 
ARDKRE SDSERLKRTS QKVD 
2170 2190 2210 

ACTTGGCACTGAAACAGCTGGGACACATCCGCGAGTACGAACAGCGCCTGAAAGTGCTGG 
LALKQLGHJRE YEQRLKVLE 
2230 2250 2270 

AGCGGGAGGTCCAGCAGTGTAGCCGCGTCCTGGGGTGGGTGGCCGAGGCCCTGAGCCGCT 
REVQQC SRVLGWVAEAI#SRS 
2290 2310 2330 

CTGCCrTTGCTGCCCCCAGGTGGGCCGCCACCCCCTGACCTGCCTGGGTCCAAAGACTGAG 
ALLPPGGPPPPDLPGSKD* 
2350 2370 2390 

CCCTGCTGGCGGACTTCAAGGAGAAGCCCCCACAGGGGATTTTGCTCCTAGAGTAAGGCT 

2410 2430 2450 

CATCTGGGCCTCGGCCCCCGCACCTGGTGGCCTT^ 

2470 2490 2510 

CTGGGCC^CTGTCAGGACCACCTTTGGGAGTGTCATCCTTACAAACCACAGCATGCCCGG 

2530 2550 2570 

CTCCTCCCAGAACCAGTCCCAGC^ 

2590 2610 2630 

ATCTGGAGGCTGCAGGGT CCTTGGGGTAACAGGGACCACAGACCCCT CACCACTCACAGA 

2650 2670 * 2693 

TTCCTCACACTGGGGAAATAAAGCCATTT C AGAGGAAAAAAAAAAAAAAAAAAAA 



MYLLS DKATS PLSLDAGLGQAPW S DLLLWALLI^RAQMAMYFWEMGSNAVS S ALGACLLLRVMARLEP DAEEAARRKDLAFKFEGM 
GVDLFGEC YRS SEVRAARLLLRRC PLWGDATCXQLAMQADARAFFAQDGVQSLLT QKWWGDMASTTPIWALVLAFFCP PI*I YTRL I 
TFRKSEEE PTREELE FDMDSVINGEGP VGTADPAEKT PLG VPRQSGRPGCCGGRCGGRRCLRRWFHFW G VPVTI ENGNWS YLLFL 
LLFSRVLLVDFX2PAPPGSI£LLLYFEAFTLLC£ELRQGLSGGGG^ 

CRLT PGLYHLGRTVLC I D FMVF7 VRLLHI FTVNKQLG PKI VIVSKM^DVFFFLFFL^VV^VAYGVATEGLLRPRD S D FP S I LRRV 
FYRPYLQI FGQI PQE DMD VAU4EH SWCS SEPGFWAHP PGAQAGTCVSQ YANWLVVLLLVI FLiVANILLVNLLIAM FS YT FGKVQG 
NS DLYWKAQRYRLIREFHSRPALAPPFIVISHLRLLLRQLCRRPRS PQP S S PAI^H FUVTif LSKEAERKLLTWESVHKEN FLLARAR 
DKRESDSERLKRTSQKVDIJtf^Ql^RIREYEQRLKXn^^ 
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Fig. 10 



10 30 50 

ATTAAAGTTTATAAAACAGTGGCTGGATGGTTGGAGGATGCAGGTGGACAGAAGACGTGG 

MVGGCRWTEDVE 
70 90 110 

AGCCTGCAGAAGTAAAGGAAAAGATGTCCTTTCGGGC^GC^ 

PAEVKEKMSFRAARLSMRNR 
130 150 170 

G AAG G AATG ACACT CT GGAC AGCAC CC^GACCCT GT ACTCC AGCG CGTCT CG G AGCACAG 
RNDTLDSTRTLYSSASRSTD 
190 210 230 

ACrTTGTCTTACAGTGAAAGCGCCAGCTTCTAOSCTGCCrTCAGGACACAGACGTGCCCAA 
LSYS3SASFYAAFRTQTCPI 
250 270 290 

TCATGGCTTCrTGGGACrTGGTGAATTTTATTCAAGCAAATTTTAAGAAA 

MASWDLVNFIQANFKKRECV 
310 * 330 350 

TCTTCTTTACCAAAGATTCCAAGGCCACtSGA 

FFTKDSKATENVCKCGYAQS 
370 390 410 

GCCAGCACATGGAAGGCRCCCAGATCAACCAAAGTGAGAAATGGAACT 

QHMEGTQINQSEKWNYKKHT 
430 450 470 

CCAAGGAATTTCCTACCGACGCCTTTGGGGATATT(^GTTTGAGACACTG<^GAAGAAAG 
KEFPTDAFGDIQFETLGKK G 
490 510 530 

GGAAGTATATACGTCTGTCCTGOmCACGGACGCGGAA^^ 

KYIRLSCDTDAEILYELLTQ 
550 570 590 

AGCACTG^CACCTGAAAACACCCAACCTGGTCATTTCrrGTGACCGGGGGCGCCAAGAACT 
HWHLKTPNLVISVTGGAKNF 
610 630 650 

TCGC CCT GAAG C CGCGCATG CGCAAGATCTT C AGCCGG CTCAT CT ACAT CG CGCAGT CCA 
ALKPRMRKIFSRLIYIAQSK 
670 690 "710 

AAGCTGCTTGGATTCTCACGGGAGGCACCC^ 

GAWILTGGTHYGLMKYIGEV 
" 730 750 770 

TGGTG AGAG AT AACACC AT CAGCAGG AGTTCAGAGGAG AAT ATT GTG GCCATTG GC AT AG 
VRDNTISRSSEENIVAIGIA 
790 810 830 

CAGCTTGGGGCATGGTCTCCAACO^GACACCCTCA^ 

AWGMVSNRDTLIRNCDAE GY 
850 870 890 

ATTTTT TAGCCCAGT ACCTT ATGGAT GACTTCACAAGAGATCCACTGTAT ATCCTGGACA 
FLAQYLMDDFTRDPLYILDN 
910 930 950 

ACAACC AC ACACATT T GCT GCT CGT G GACAATGGCTG TCATG GACAT C CC ACTG T CGAAG 
NHTHLLLVDNGCHGHPTVEA 
970 990 1010 

CAAAGCTCCGGAATCAG CT AGAG AAGTAT AT CT CTGAGCGCACT AT T CAAGATT C CAACT 
KLRNQLEKYISERTIQDSNY 
1030 1050 1070 

ATGGTGGCAAGATCCCCATTGTGTGTTTTGCCC^GGAGGTGGAAAAGAGACTTTGAAAG 
GGKIPIV v C FAQGGGKETL KA 
1090 1110 H30 

CCATCAATACCTCC^TCAAAAATAAAATTCCTTGTGTGGTGGTGGAAGGCTCGGGCC^^ 
INTSIKNKIPCVVVEGSGQI 
1150 1170 1190 

TCGCTGATGTGATCGCTAGCCTGGTGGAGGTGGAGGATGCCCTCT 

ADVIA3LVEVEDALTSSAVK 
1210 1230 1250 
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AGGAGAAGCTGGTGCGCTTTTTACCCCGCACGGTGTCCCGGCTGCCTGAGGAGGRGACTG 
EKLVRFLPRTVSRLPEEETE 
1270 1290 1310 

AGAGTTGGATCm&TSGCTCAAAGJWOT 

SWIKWLKETLBCSHLLTVIK 
1330 1350 1370 

AAATGGAAGAAGCTGGGGATGAAATTGTGAGCAATGCCATCTCCTACGCTCTATACAAAG 
MEEAGDEIVSHAISYALYKA 
1390 1410 1430 

CCTTCAGCACCAGTGAGCAAGAC^AGGATAACTGGAATGGGCAGCTGAAGCTTCTGCTGG 
FSTSEQDKDNWNGQLKLLLE 
1450 1470 1490 

AGT GGAACCAG CTGGACTT AGCCAATGATGAGATTTTCACCAATGACCG CCGATGGG AGA 
WKQLDLAMDEIFTNDRRWEK 
1510 1530 1550 

AGAGCAAACCGAGGCTC^GAGACACAATAATCCAiGGT^ 

SKPRLRDTI3QVTWLEHGRI 
1570 1590 1610 

TCAAGGTTGAGAGCMAGATGTGACTGACGGCAAAGCCTCT 

KVESKDVTDGKAS SHMLVVL 
1630 1650 1670 

TCAAGrcTGCTGACCTTCAAGAAGTCATGTTTAC^GCTCTCATAAAGGACAGACCCAAGT 
K SA DL QEVM FT.A1 I K D R P K F 
1690 1710 1730 

TTGTCCX5CCTCTTTCTGGAGAATGGCTTGAACCTA03GAAGTTTCT 

VRLFLENGLNLRKFLTHDVL 
1750 1770 1790 

TC^CTGAACTCTTCTCCAACCACTTC^GC^CGCTI^GTACCGGAATCT^AGATCGCC^ 
TELFSNHFSTLVYRNLQIAK 
1810 1830 1850 

AGAATTCCTATAATGATGCCCTCCTCACGTTTGTCTGGAAACTGGTTGCGAACTTCCGAA 
NSYNDALLTFVWKLVAN FRR 
1870 1890 1910 

GAGGCTT CC GGAAGG AAG ACAGAAATGG C CG GG ACGAGATGGACAT AGAACT CC ACGACG 
GFRKEDRNGRDEMDIELHDV 
1930 1950 1970 

TGTCTCCTArTACTCGGCACCCCCTGCAAGCTCrcTTCATCTGGGCCATTCTTCAGAATA 
SPITRHPLQALFIWAILQNK 
1990 2010 2030 

AGAAGGAACTCTCCAAAGTCATTTGGGAGCAGACCAGGGGCTGCACTClX^CAGCrcn^G 
KELSKVIWEQTRGCTLAALG 
205O 2070 2090 

GAGCCAGCAAGCTTCTGAAGACTCTGGCCAAAGTGAAGAACGACATCAATGCTGCTGGGG 
ASKLLKTLAKVKNDINAAGE 
2110 2130 2150 

AGTCCGAGGAGCTGGCTAATGAGTACGAGACCOGGGCTGTTGGTGAGTCCACAGTGTGGA 
SEELANEYETRAVGESTVWN 
2170 2190 2210 

ATGCTGTGGTGGGCGCGGATCTGCX3\TGTGGCACAGACATTGCCAGCGGCACTCATAGAC 
AVVGADLPCGTDIASGTHRP 
2230 2250 2270 

CAGATGGTGGAGAGCTGTTCACTGAGTGTTACAG CAG CGATGAAGACTTGGCAGAACAGC 
DGGELFTECYSSDEDLAEQL 
2290 2310 2330 

TGCTGGTCTATTCCTGTGAAGCTTGGGGTGGAAG CAACTGTCTGGAGCTGGCGGTGG AGG 
LVYSCEAWGGSNCLELAVEA 
2350 2370 2390 

CCACAGACCAG CATTT CATCGCCGAGCC T GGGGTCCAG AATTTT CTTT CT AAGCAAT GGT 
TDQHFIAQPGVQNFLSKQWY 
2410 2430 2450 

ATGGAGAGATT TCCCG AGACACCAAGAACT3GAAG ATT AT CCTGTGT CTGTTTATT AT AC 
GEISRDTKNWKIILCLFIIP 
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2470 2490 2510 

CCTTGGTGGG CTGTGC3CTTT GT ATCATTT AGGAAG AAACCTGT CG AC AAGC AC AAGAAGC 
LVGCGFVSFRKK PVDKHKKL 
2530 2550 2570 

TGCrTTGGTACTATGTCGCGTTCTTCACCTCXCCCTTCGTGGTCTTCTCCTGGAATGTGG 
LWYYVAFFTSPFVVFSWNVV 
2590 2610 2630 

TCTTCTACATCGCCTTCCTCCTGCTGTTTG 

FYIAFLLLFAYVLLMDFHSV 
2650 2670 2690 

TGCCACACCCCCCCGAGCrTGGTCCTGTACTCGC^GGTCTTTGTCCTCrrTCTGTGATGAAG 
PHPPELVLYSLVFVLFCDEV 
2710 2730 2750 

TGAGACAGGGCCGGCCGGCTGCTCCC^GTG<^GGGCCCGC(^AGCCCACGCCCACCCGGA 
RQGRPAAPSAGPAKPT PTRN 
2770 2790 2810 

ACTCCATCTGGC(2CGCAAGCTCCACAC^C^GCCCCGGTTCCCGCT 

SXW.FA3STRSFGSRSRHSFB 
2830 2850 2870 

ACACTTCCCTGCAAGCTGAGGGTGCC^GCTCTGGCCXTGGCCAGCCCAGAAAGOTGTGGA 
TSLQAEGASSGLGQPRKGWT 
2890 2910 2930 

CATTTAAAAATCTGGAAATGGTTGATATOTCCAA^ 

FKN L E M V D I SKLLMSLSVPF 
2950 2970 2990 

TCTGTACGCAGrGGTACGTAAATGGGGTGAATTArrrra 

CTQWYVNGVNYFTDLWNVMD 
3010 3030 3050 

ACACGCTGGGGCTTTTTTACTTCIATAGCAGG 

TLGLFYFIAGIVFRQGILRQ 
3070 3090 3110 

AGAATGAGCAGCGCTGGAGGTGGATATTCCGTT CM3GTCATCTAC<^GCCCTAC<JTGGCCA 
NEQRWRWIFRSVIYE P YLAM 
3130 3150 3170 

TGTTCGG^CAG^TGCCCAGTGACX^GGATGGTACCACGTATGACTTTGCCCACTGCACCT 
FGQVPSDVDGTTYDFAHCTF 
3190 3210 3230 

TCACTGGGAATGAGT CCAAGCX&CTGTGTGTGGAGCTCGATGAGC^ 

TGNESKPLCVELDEHNLPRF 
3250 3270 3290 

TCCCCGAGTGGATCACCATCCCCCTGGTGT GCATCTACATGTTATCCACCAACATCCTG C 
PEWITIPLVCIYMLSTNILL 
3310 3330 3350 

TGGTCAACCTGCTGGTCGCCATGTTTGGCTACACGGTGGGCACC^TCCAGGAGAACAATG 
VNLLVAMFGYTVGTVQENND 
3370 3390 3410 

ACCAGGTCTGGAAGTTCCAGAGGTACTTCC?GGTGCAGGAGTACTGC^GCCGCCTa^A 
QVWKFQRYFLVQEYCSRLNI 
3430 3450 3470 

TCCCCTTCCCCCT(ZATCGTCT^ 

PFPFI VFAYFYMVVKKCFKC 
3490 3510 3530 

GTTGCTGCAAGGAGAAAAA^TGGAGTCTTCTGTCTGCTGTGAGTGGTTTATCCATGTGT 
CCKEKNMESSVCCEVJFIHVY 
3550 3570 3590 

ACT T GGG ATC AGAAGCAGCGATT AATTT C AGGGAAGGAT G CXTT GCATCCAGTGATT GGAA 
LGSEAAINFREGCLHFVIGS 
3610 3630 3650 

GCTGGACCCCAGGCTGGCTGGTCTGGACATCXACACGCATTCTC^ 

WTPGWLVWTSTRILTCSAGW 
3670 3690 3710 

GGC(^GCAGCAGGGAGTCTC^GTGTCACGACACATA 
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PAAGSLSVTTHSSWVPAKSS 
3730 3750 3770 

GCAAGTCACAGGCCCACCCAGACAGAACGGGTA^ 

KSQAHPDRTGRECDSASGWE 
3790 3810 3830 

APJGGACAGCCTGCCCGGTGGGTGGAAGAATCCGTGG 

GQPARWVEESVALFGHRGPV 
3850 3870 3890 

WPPTTLGITELNAPVL* 



MVGGCRWTEDVE PAEVKEKMS FRAARJ*SMRHRRN DTLDSTRTLYS SASH ST DLS YSESAS FYAAFRTQTCPIMASWDLVNFIQAN F 
KKRECVFETKDSKATENVCKCGYAQSQHMEGTQINQSEKW^^ 

HWHLKTPNLVI S VTGGAKN FA1KPRMRKI FSRL I YIAQSKG AWILTGGTHYGLMKYIGEVVRD1IT I SRS SEENIVAIGI AAWGMVS 
NRDTLIRNCDAEGYF1iAQYI^DDFTRDPLYILD1TOHTHIjI#LVI^^ 

GGKETLKAINTS IKNKI PCVWEG S GQIADVI AS LVEVEDAIJSSAVKEKLVRFLPRTVSPJjPEEETES W1KWLKE I L3CSHLLTV 
IKMEEAGDEIVSKAI S YALY KAFS T S EQDKDNWNG OLKLLLEWNQL DLAN DE I FTHDRKWEKS KPRLRDT I IQVTW LEN GRUCVE S , 
KDVTDGKAS SHMLWLKS ADLQEVM FTALIKDRPKFVPvLEIjENGI^LRK^THDVLTELFSMH FS TLVYRNLQIAKN S YNDALLTF 
VWKLVANFRRGFPJCEDRNGRDEMDIEI^DVS^ 
AAGESEELAHEYETRAVGESTVWNAWGAD^^ 

QHFIAQPGVQNFLSKQWYGEI SRDTKNWKI ILCLFI I PLVGOGFVS FRKKFVDKHKIQiLWYT7ArFTSPrVVFS?nfVVBTfIAFL^ 

FAYVU^FHSVPR^PELVLYSLVFVLFCDEVRQGRPAAPSAGPAKPTPTRN 

PPJa3WTFKOTaEMVDISBaiIiMSLSVPFCTQWYVNG^ 

FGQ\^SDVDGTTYDFAHCTFTGNESKPLCVELDEHNLPRFPEWITI PLVCI YMI^TNILLVHLLVAMFGYTVCTVQENNDQVIVKFQ 
RYFLVQEYC SRLN I P FPFI VFAY FYMWKKC FKCCCKE KNMES SVCCEWF I HVYLGSEAAINFREGCLHPVIGSWT PGWLVWTSTR 
ILTCSAGWPAAGSLSVTTHSSWPAKSSKSQAHPDRTG^ 



B. 

0 L 

2290 2310 2330 

TGCTGGTCTATTCCTGTGAAGCTTG3GGTGGAAGCAACTGTCTGGAGCTGGCGGTGGAGG 
LV YS C3AWGGSN CLELAVEA 
2350 2370 2390 

CCACAGACCAGCATTrCATCGCCCAGCCTGG(XTCCAGAATTTTCTTTCTAA 

TDQHFIAQPGVQNFLSKQWY 
2410 2430 2450 

GEISRDTKNWKIILCLFIIP 
2470 2490 2510 

CCTTGGTGGGC^GTGGCTTTGTATCATTTAGGAAGA 

LVGCGFVSFRKKPVDK 
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10 30 50 

ATGAAATCCTTCCTTCCTGTC CAC ACCATCGTG CTTATC AGGGAGAATGTGTG CAAGTGT 
MKSFLPVHTIVLIRENVCKC 

70 90 110 

GG CTATGCCCAGAGC CAGCAC ATGGAAGGCACCCAGATCAACCAAAGTGAG AAATGGAAC 
GYAQSQHMEGTQINQSEKWN 

130 150 170 

T ACAAGAAACACACC AAGGAATTTC CTAC CGACGCC TTTGGGGATATTCAGTTTGAGACA 
YKKHTKEFPTDAFGDIQFET 

190 210 230 

CTGGGGAAGAAAGGGAAGTATATACGT CTGTC CTGCGACACGGACG CG GAAATCCTTTAC 
LGKKGKYIRLSCDTDAE I " L Y 

250 270 290 

GAGCTGCTGAC CCAGCACTGG CACCTGAAAACACC CAACCTGGTCATTTCTGTG ACCGGG 
ELLTQHWHLKTPNLVISVTG 

310 330 350 

GGCGCCAAGAACTTCGC(X!TGAAGCCGCGCATGCGCAAGATCTTCAGCCTO 
GAKNFALKPRMRKIFSRL IY 

370 390 410 

ATCG CGCAGTC CAAAGGTGCTTGGATTCTCACGGG AGG CACCCATTATGGC CTGATGAAG 
IAQSKGAWILTGGTHYGIiMK 

430 450 470 

TACATCGGGGAGGTGGTC3AGAGATAACACCATCAGCAGGAGTTCAGAGGAGAATATTGTG 
YIGEVVRDNTISRSSEENIV 

490 510 530 

GCCATTGGC ATAG CAGCTTGGGGC ATGGTCTCC AACCG GG ACACC CTCAT C AGGAATTGC 
AIGIAAWGMVSNRDTLIRNC 

550 570 590 

G ATGCTGAGGGCTATTTTTTAG CC CAGTAC CTTATGGATGACTTC ACAAGAGATCCACTG 
DAEGYFLAQYLMDDFTRDPL 

610 630 650 

TATATCCTGGACAACAACCACACAC^TTTGCTGCTCGTGGACAATGGCTGTCATGGACAT 
YILDNNHTHLLLVDNGCHGH 

670 690 710 

C CCACTGTCGAAGCAAAGCT CCGGAATCAG CTAGAGAAGTATATCTCTGAGCGCACTATT 
PTVEAKLRNQLEKYISERTI 

730 750 770 

CAAGATT CCAACTATGGTGG C AAGATC CCCATTGTGTGTTTTGCCCAAGGAGGTGGAAAA 
QDSNYGGKIPIVCFAQGGGK 

790 810 830 

GAGACTTTGAAAGCGATCAATACCTCCATCAAAAATAAA 

E TLKAINTSIKNK I PCVVVE 
850 870 890 

GGCTCGGGCCAGATCGCTGATGTGATCGCTAGCCTGGTGGAGGTGGAGGAT^ 

GSGQIADVIASLVBVEDALT 
910 . 930 950 

TCTTCTGCCGTCAAGGAGAAGCTGGTGCGCTT^ 

S SAV KEKLVRFL PRTVS RIiP 

970 990 1010 

GAGGAGGAGACTGAGAGTTGGATCAAATGGCTCAAAGAAATTCTCGAATCTTCTCACCTA 
EEETESWIKWLKEILECSHL 

1030 1050 1070 

TTAAC AG TT ATT AAAATGGAAG AAGCTG GGGATGAAATTGTG AG C AAT G C CAT C T CCT AC 
LTVIKWEEAGDEIVSNAISY 

1090 1110 1130 

G CT CT AT ACAAAGC C T TCAG CAC C AGTGAG C AAG ACAAGG ATM C TGGAATGGGC AG CTG 
ALYKAFSTSEQDKDNWKGQL 
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2410 2430 2450 

AG AAACTT AGGAC CC AAG ATT AT AATG CTG CAG AG G ATG C TG ATCG ATG TG TTC TTCTTC 
RNLGPKIIMLQRMLIDVFFF 

2470 2490 2510 

CTGTTCCTCTTTGCGGTGTGGATGGTGGCCTTTGGCGTGGCCAGGCAAGGGATCCTTAGG 
LFLFAVWMVAFGVARQGILR 

2530 2550 2570 

CAGAATGAGCAGCGCTGGAGGTGGATATTCCGTTCGGTCATCTACGAGCCCTACCTGGCC 
QNEQRWRWIFRSVIYEPYLA 

2590 2610 2630 

ATGTT CGG C C AGGTG C C CAGTG AC GTG G ATGGT AC CACG T ATG AC TTTG C C C ACTG CACC 
MFGQVPSDVDGTTYDFAHCT 

2650 2670 26S0 

TTCACTGGGAATGAGTCCAAGCCACTGTGTGTGGAGCT 

FTGNES KPLCVELDEHNLPR 

2710 2730 2750 

TTCCCCX5AGT<X5ATCACCATCCCCCTGGTGTGCATCTACA 

FPEWITIPLVCIYM-LSTNIL 

2770 2790 . 2B10 

CTGGTCAACCTX5CTGGT(XrCCATC 

LVNLLVAMFGYTVGTVQENN 
2B30 2850 2870 

G AC CAGGTC TGGAAGTTCC AG AGGT ACTTC CTGGTG CAGGAG TACTG CAG CCGC CT CAAT 

DQVWKFQRYFLVQEYCSR LN 
2890 2910 2930 

ATCCCCTTCCCCTTCATCGTCTTCGCTTACTTCTAC^ 

IPFPFIVFAYFYMVVKKCFK 

2950 2970 2990 

TGTTGCTGGAAGGAGAAAAACATGGAGTCTTCTGTCTGCTC 

CCCKEKNMESSVCCFKNEDN 
3010 3030 3050 

GAGACTCTG GC ATGGGAGGG TG TC ATG AAGGAAAACTAC CTTGTC AAGAT CAACACAAAA 

ETLAWEGVMKENYLVKINTK 
3070 3090 3110 

G (XIAACGACAC CTCAGAGG AAATG AG GC ATCGATTTAGACAACTGG ATAC AAAG CTT AAT 

ANDTSEBMR HRFRQLDTKLN 
3130 3150 

G ATCTCAAG GG TCT AC T GAAAGAG AT TGCTAATAAAATCAAATAG 

DLKGLLKE I A N K I K * 



b.) TrplO protein: 

MKSFLPVHTIVLIRENVCKCGYAQSQHMEGTQINQSEKWlTifKKHTKEFPTOAF 
ELLTQHWHLKTPNLVISVTGGAKNFAJjKP^ 
AIGIAAWGMVSNRDTLIRNCDAEGYFLAQYIiMDDFTRDPLY^ 
QDSOTGGKIPIVCFAQGGGKEIIjKAINTSIKI^IPCVVVEGSGQIADV 

EEETE S WI KWLKE I LE CSHLLTVI KMEEAGD E IMS N AI S YAL YKAF STS EQD KDUWNG QLKLLLE WNQLDLANDE I F TND 
RRWESADLQEVMFTALIKDRPKFVIUliFL]^ 

FRRG FRKEDRNGRDEMD I ELHDVS P I TRHPLQALF I WAI LQNKKELS KVI WEQTRGC TLAALGAS KLLKTLiAKVKND I NA 
AGES EELANE YETRAVELFTE CYS S DEDLAE QLLVYS CEAWGGSWCLELAVEATDQH F I AQPGVQN FLS KQW YGE I S RDT 
KNWKIILCLFIIPLVGCXSE^SFRKKPVDKH^ 

LYSLVFVLFCTEVRQWYWGVNYFTDLWNVMDTLGLFYFIAGIVFR 

RNLGPKIIMLQRMLIDVFFFLFLFAVVmVAFGVARC^ILRQNEQ 

FTGNESKPLCTELDEH^PRFPEraiTIPLVCIYMLSTO^ 

IPFPFI VFA YF YMWKKCFKCCCKE KNME SSVCCF KNEDNETLAWEGVMKENYL VKI NTKANDT S E EMRHRFRQLDTKLN 
DLKGLLKE IANKIK 
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The Trp8 Gene is expre fl in enaometrial or uteri 
in normal endometrium 

Endometrial cancer: 
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Expression of human Trp 9 ana irp iu 




29/31 



WO 02/10382 



PCT/EP01/08309 



Fig. 14 

Expression of Trpl 0 transcripts and Trpl O-antlsenselranscrlpts 
in human prostate cancer and in malignant melanoma 
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SEQIDs5,45,ll,3 and SEQIDs 6,46,12,4, respectively; the 
recombinant expression of the same in host cells; the 
isolated proteins as characterized by SEQIDs 6,46,12,4; 
anti sense RNA sequence and ribozyme complementary to said 
nucleic acid molecules; inhibitor that can suppress the 
activity of said prostate carcinom associated proteins; 
method for diagnosing a prostate carcinoma by contacting a 
sample with a nucleic acid, an antibody or other reagent 
that reacts with the mRNA of SEQIDs5,45,ll,3; method for 
diagnosing endomertial cancer by contacting a target sample 
with a nucleic acid, an antibody or other reagent that 
reacts with the mRNA of SEQIDs5,45,ll,3; method for 
diagnosing a melanoma, chorion carcinoma, cancer of the lung 
and ot the prostate comprising contacting a target sample 
with a reagent which detects anti sense RNA of SEQIDs 11 and 
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cancer, choroin carcinoma or cancer of the lung comprising 
.administering an inhibiting reagent of human prostate 
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to said nucleic acid molecule; inhibitor that can suppress 
the activity of said prostate carcinom associated protein; 
diagnostic kit containing an antibody; method for identifyng 
an agonist or an antagonist of human prostate carcinom 
associated proteins. 
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(54) Title: TRP8, TRP9 AND TRP10, NOVEL MARKERS FOR CANCER 

(57) Abstract: The present invention relates to gene expression in normal cells and cells of malignant tumors and particularly to 
novel markers associated with cancer, Trp8, Trp9 and TrplO, and the genes encoding Trp8, Trp9 and TrplO. Also provided are vec- 
tors, host cells, antibodies, and recombinant methods for producing these human proteins. The invention further relates to diagnostic 
and therapeutic methods useful for diagnosing and treating a tumor. 
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Trp8 5 Trp9 and TrplO, novel markers for cancer 

FIELD OF THE INVENTION 

The present invention relates to gene expression in normal cells and cells of malignant 
tumors and particularly to novel markers associated with cancer, Trp8, Trp9 and TrplO, and 
the genes encoding Trp8, Trp9 and TrplO 

B ACKROUND OF THE TECHNOLOGY 

Prostate cancer is one of the most common diseases of older men world wide. Diagnosis and 
monitoring of prostate cancer is difficult because of the heterogeneity of the disease. For 
diagnosis different grades of malignancy can be distinguished according to the Gleason-Score 
Diagnosis. For this diagnosis a prostate tissue sample is taken from the patient by biopsy and 
the morphology of the tissue is investigated. However, this approach only yields subjective 
results depending on the experience of the pathologist. For confirmation of these results and 
for obtaining an early diagnosis an additional diagnostic method can be applied which is 
based on the detection of a prostate specific antigen (PSA). PSA is assayed in serum samples, 
blood samples etc. using an anti-PSA-antibody. However, since in principle PSA is also 
expressed in normal prostate tissue there is a requirement for the definition of a threshold 
value (about 4 ng/ml PSA) in order to be able to distinguish between normal and malign 
prostate tissue. Unfortunately, this diagnostic method is quite insensitive and often yields 
false-positive results. Moreover, by using this diagnostic method any conclusions as regards 
the grade of malignancy, the progression of the tumor and its potential for metastasizing 
cannot be drawn. Thus, the use of molecular markers would be helpful to distinguish benign 
from malign tissue and for grading and staging prostate carcinoma, particularly for patients 
with metastasizing prostate cancer having a very bad prognosis. 

The above discussed limitations and failings of the prior art to provide meaningful specific 
markers which correlate with the presence of prostate tumors, in particular metastasizing 
tumors, has created a need for markers which can be used diagnostically, prognostically and 
therapeutically over the course of this disease. The present invention fulfils such a need by the 
provision of Tpr8, Trp9 and TrplO and the genes encoding Trp8, Trp9 and TrplO: The genes 
encoding Trp8 and TrplO are expressed in prostate carcinoma and prostatic metastasis, but 
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not in normal prostate, benign hyperplasia (BHP) and intraepithelial prostatic neoplasia (PIN). 
Furthermore, expression of TrplO transcripts is detectable in carcinoma but not in healthy 
tissue of the lung, the prostate, the placenta and in melanoma. 



SUMMARY OF THE INVENTION 



The present invention is based on the isolation of genes encoding novel markers associated 
witha cancer, Trp8, Trp9 and TrplO. The new calcium channel proteins Trp8, Trp9 and TrplO 
are members of the trp (transient receptor potential) - family, isolated from human placenta 
(Trp8a and Trp8b) and humane prostate (Trp9, TrplOa and TrplOb). Trp proteins belong to a 
steadily growing family of Ca 2+ selective and non selective ion channels. In the recent years 
seven Trp proteins (trpl - trp7) have been identified and suggested to be involved in cation 
entry, receptor operated calcium entry and pheromone sensory signaling. Structurally related 
to the trp proteins are the vanilloid receptor (VR1) and the vanilloid like receptor (VRL-1) 
both involved in nociception triggered by heat. Furthermore, two calcium permeable channels 
were identified in rat small intestine (CaTl) and rabbit kidney (ECaC). These distantly related 
channels are suggested to be involved in the uptake of calcium ions from the lumen of the 
small intestine (CaTl) or in the reuptake of calcium ions in the distal tubule of the kidney 
(ECaC). Common features or the Trp and related channels are a proposed structure 
comprising six transmembrane domains including several conserved amino acid motifs. In the 
present invention the cloning and expression of a CaTl like calcium channel (Trp8) from 
human placenta as well as Trp9 and TrplO (two variants, TrplOa and TrplOb) is described. 
Two polymorphic variants of the Trp8 cDNA were isolated from placenta (Trp8a and Trp8b). 
Transient expression of the Trp8b cDNA in HEK (human embryonic kidney) cells results in 
cytosolic calcium overload implicating that the Trp8 channel is constitutive open in the 
expression system. Trp8 induces highly calcium selective inward currents in HEK cells. The 
C -terminus of the Trp8 protein binds calmodulin in a calcium dependent manner. The Trp9 
channel is expressed in trophoblasts and syncytiotrophoblasts of placenta and in pancreatic 
acinar cells. Furthermore, the Trp8 channel is expressed in prostatic carcinoma and prostatic 
metastases, but not in normal tissue of the prostate. No expression of Trp8 transcripts is 
detectable in benign prostatic hyperplasia (BPH) or prostatic intraepithelial neoplasia (PIN). 
Therefore, the Trp8 channel is exclusively expressed in malign prostatic tissues and serves as 
molecular marker for prostate cancer. From the experimental results it is also apparent that the 
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modulation of Trp8 and/or TrplO, e.g. the inhibition of expression or activity , is of 
therapeutic interest, e.g. for the prevention of tumor progression. 



The present invention, thus, provides a Trp8, Trp9 and TrplO protein, respectively, as well as 
nucleic acid molecule encoding the protein and, moreover, an antisense RNA, a ribozyme and 
an inhibitor, which allow to inhibit the expression or the activity of Trp8, Trp9 and/or TrplO. 

In one embodiment, the present invention provides a diagnostic method for detecting a 
prostate cancer or endometrial cancer (cancer of the uterus) associated with Trp8 or TrplO in 
a tissue of a subject, comprising contacting a sample containing Trp8 and/or TrplO encoding 
mRNA with a reagent which detects Trp8 and/or TrplO or the corresponding mRNA. 

In a further embodiment, the present invention provides a diagnostic method for detecting a 
melanoma, chorion carcinoma, cancer of the lung and of the prostate in a tissue of a subject, 
comprising contacting a sample with a reagent which detects TrplOa and/or TrplOb antisense 
transcripts or TrplOa and/or TrplOb related antisense transcripts. 

In another embodiment, the present invention provides a method of treating a prostate tumor, 
carcinoma of the lung, carcinoma of the placenta (chorion carcinoma) or melanoma associated 
with Trp8 and/or TrplO, comprising administering to a subject with such an disorder a 
therapeutically effect amount of a reagent which modulates, e.g. inhibits, expression of Trp8 
and/or TrplO or the activity of the protein, e.g. the above described compounds. 

Finally, the present invention provides a method of gene therapy comprising introducing into 
cells of a subject an expression vector comprising a nucleotide sequence encoding the above 
mentioned antisense RNA or ribozyme, in operable linkage with a promoter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1: A, phylogenetic relationship of trp and related proteins. B, hydropathy plot of the 
Trp8 protein sequence according to Kyte and Doolittle. C, alignment of Trp8a^ to the 
epithelial calcium channels ECaC (from rabbit) and Vrl (from rat). Putative transmembrane 
domains are underlined. 



3 



WO 02/010382 



PCT/EP01/08309 



Figure 2: A, polymorphism of the Trp8 gene. The polymorphic variants Trp8a and Trp8b 
differ in five base pairs resulting in three amino acid exchanges in the derived protein 
sequences. Specific primers were derived from the Trp8 gene as indicated by arrows. B, the 
Trp8a and Trp8b genes are distinguishable by a single restriction site. Genomic fragments of 
the Trp8 gene can be amplified using specific primers (shown in A). The genomic fragment of 
the Trp8b gene contains an additional site of the restriction enzyme BSP 12861 (B). C, the 
Trp8 gene is located on chromosome 7. D, genotyping of eleven human subjects. A 458 bp 
genomic fragment of the Trp8 gene was amplified using specific primers (shown in A) and 
restricted withBSP1286I. The resulting fragments were analyzed by PAGE electrophoresis. 

Figure 3: The Trp8b protein is a calcium selective ion channel. A, representative trace of a 
pdiTrp8b transfected HEK 293 cell. Trp8b mediated currents are activated by voltage ramps 
(-100 mV - +100 mV) of 100 msec at -40 mV or +70 mV holding potential. 1, Trp8b currents 
in the presence at 2mm [Ca 2+ ] 0 ;2, effect of solution switch alone 3, switch to nominal zero 
calcium solution. B, Trp8b currents in the presence of zero divalent cations. C, current voltage 
relationship of the currents shown in A. Inset, leak subtracted current. D, current voltage 
relationship of the current shown in B. E, statistics of representative experiments. Black: Trp8 
transfected cells, gray: control cells. Columns from left to right: Trp8 currents at - 40 mV 
(n=12) and + 70mV holding potential (n=12). Trp8 currents in standard bath solution 
including 120 mM NMDG without sodium (n = 7) and with nominal zero calcium ions (n = 8) 
or in the presence of ImM EGTA with zero divalent cations (n = 6). F, representative changes 
in [Ca 24 ]i in Trp8b transfected HEK cells (gray) and controls (black) in the presence or 
absence of ImM [Ca 2+ ] 0 . Inset, relative increase of cytosolic calcium concentration of Trp8b 
transfected HEK cells, before and after readdition of 1 mM [Ca 2+ ] 0 in comparison to control 
cells. 

Figure 4 : The C-terminal region of the Trp8 protein binds calmodulin. A, N- and C-terminal 
fragments of the Trp8 protein used for calmodulin binding studies. B, the Trp8 protein and a 
truncated Trp8 protein which was in vitro translated after Muni cut of the cDNA, which lacks 
the C-terminal 32 amino acid residues, were in vitro translated in the presence of 35 S- 
methionine and incubated with calmodulin coupled agarose beads in the presence of 1 mM 
Ca 2+ or 2mM EGTA. C, calmodulin binding to N- and C-terminal fragments of the 
Trp8protein in the presence of Ca 24 " (1 mM) or EGTA (2 mM) 
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Figure 5: Expression pattern of the Trp8 cDNA. A, Northern blots (left panels, Clontech, Palo 
Alto) were hybridized using a 348 bp NcoI/BamHT fragment of the Trp9 cDNA. The probe 
hybridizes to mRNA species isolated from the commercial blot, but not to mRNA species 
isolated from benign prostate hyperplasia (right panel, mRNA isolated from 20 human 
subjects with benign prostate hyperplasia). B,C, in situ hybridization with biotinylated Trp8 
specific oligonucleotides on slides of human tissues. Left column antisense probes, right 
column sense probes. D, antinsense probes. 

Figure 6: Differential expression of Trp8 cDNA in human prostate. A-F, in situ 
hybridization with prostatic tissues. A, normal prostate, B, primary carcinoma, C, benign 
hyperplasia, D, rezidive carcinoma, E, prostatic intraepithelial neoplasia, F, iymphnode 
metastasis of the prostata. 

Figure 7: Trp8a cDNA sequence and derived amino acid sequence 

Figure 8: A, Trp8b cDNA sequence and derived amino acid sequence 

B, cDNA sequence of splice variant 1 (12B1) 

C, cDNA sequence of splice variant 2 (17-3) 

D, cDNA sequence of splice variant 3 (23 A3) 

E, cDNA sequence of splice variant 4 (23C3) 

Figure 9: A, Trp9 cDNA sequence and derived amino acid sequence B, cDNA sequence of 
splice variant 15 and derived amino acid sequence. . 

Figure 10: A, cDNA sequence of TrplOa and derived amino acid sequence, B, cDNA 
fragment of TrplOa and derived amino acid sequence. 

Figure 11: cDNA sequence of TrplOb and derived amino acid sequence. 
Figure 12: Expression of Trp8 mRNA in human endometrial cancer or cancer of the uterus. A 
- D, in situ hybridization with slides of endometrial cancer hybridized with Trp8 antisense 
(left column) or sense probes as controls (right column). E - F, Trp8 antisense probes 
hybridized to slides of normal endometrium It can be clearly seen no hybridization occurs 
with normal endometrial tissue. 
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Figure 13: Expression of human Trp9 and Tip 10 genes 

Northern blots were hybridized using Trp9 (upper panel) or TrplO (lower panel) specific 
probes. Expression of the Trp9 cDNA is detectable in many tissues including human prostate 
and colon as well as in benign prostatic hyperplasia. Expression of TrplO cDNA is detectable 
in human prostate of a commercial northern blot (Clontech, right side). This Northern blot 
contains prostatic tissue collected from 15 human subjects in the range of 14 - 60 years of age. 
No expression of TrplO cDNA was detectable in benign prostatic hyperplasia (left side). 

Figure 14 : Expression of TrplO transcripts and TrplO-antisense transcripts in human prostate 
cancer and metastasis of a melanoma. In situ hybridizations of slides hybridized with TrplO- 
antisense (A-E, K-N) and TrplO related sense probes (F-J, P-R). It can clearly be seen that 
both probes detect the same cancer cells indicating that these cancer cells express TrplO 
transcripts as well as TrplO-antisense transcripts. S, no TrplO expression is detectable in 
benign hyperplasia of the prostate (BPH). O and T, show expression of TrplO transcripts (O) 
and TrplO-antisense transcripts (T) in a metastasis of a melanoma in human lung. Melanoma 
cancer cells express both TrplO transcripts and TrplO-antisense transcripts. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to an isolated nucleic acid molecule encoding the human 
prostate carcinoma associated protein Trp8a, Trp8b, Trp9, TrplOa or TrplOb or a protein 
exhibiting biological properties of Trp8a, Trp8b, Trp9, TrplOa or TrplOb and being selected 
from the group consisting of 

(a) a nucleic acid molecule encoding a protein that comprises the amino acid sequence 
depicted in Figure 7, 8A, 9,10 or 11; 

(b) a nucleic acid molecule comprising the nucleotide sequence depicted in Figure 7, 8A, 
9,10, or 11; 

(c) a nucleic acid molecule included in DSMZ Deposit no. DSM 13579 (deposit date: 28 
June 2000), DSM 13580 (deposit date: 28 June 2000), DSM 13584 (deposit date: 5 
July 2000), DSM 13581 (deposit date: 28 June 2000) or DSM ....(deposit date:...); 

(d) a nucleic acid molecule with hybridizes to a nucleic acid molecule specified in (a) to 
(c) 
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(e) a nucleic acid molecule the nucleic acid sequence of which deviates from the nucleic 
sequences specified in (a) to (d) due to the degeneration of the genetic code; and 

(f) a nucleic acid molecule, which represents a fragment, derivative or allelic variation of 
a nucleic acid sequence specified in (a) to (e). 

As used herein, a protein exhibiting biological properties of Trp8a, Trp8b, Tip9,Trpl0a or 
Tip 10b is understood to be a protein having at least one of the activities as illustrated in the 
Examples, below. 

As used herein, the term „isolated nucleic acid molecule,, includes nucleic acid molecules 
substantially free of other nucleic acids, proteins, lipids, carbohydrates or other materials with 
which it is naturally associated. 

In a first embodiment, the invention provides an isolated nucleic acid molecule encoding the 
human prostate carcinoma associated protein Trp8a, Trp8b, Trp9,Trpl0a or TrplOb 
comprising the amino acid sequence depicted in Figure 7, 8A, 9,10 or 11. The present 
invention also provides a nucleic acid molecule comprising the nucleotide sequence depicted 
inFigure7,8A,9,10orll. 



The present invention provides not only the generated nucleotide sequence identified in 
Figure 7, 8 A, 9,10 or 11, respectively and the predicted translated amino acid sequence, 
respectively, but also plasmid DNA containing a Trp8a cDNA deposited with the DSMZ, 
under DSM 13579, a Trp8b cDNA deposited with the DSMZ, under DSM 13580, a Trp9 
cDNA deposited with the DSMZ, under DSM 13584, a TrplOa cDNA deposited with the 
DSMZ, under DSM 13581, and a TrplOb cDNA deposited with the DSMZ, under DSM...., 
respectively. The nucleotide sequence of each deposited Tip-clone can readily be determined 
by sequencing the deposited clone in accordance with known methods. The predicted amino 
acid sequence can then be verified from such deposits. Moreover, the amino acid sequence of 
the protein encoded by each deposited clone can also be directly determined by peptide 
sequencing or by expressing the protein in a suitable host cell containing the deposited Trp- 
encoding DNA, collecting the protein, and determining its sequence. 

The nucleic acid molecules of the invention can be both DNA and RNA molecules. Suitable 
DNA molecules are, for example, genomic or cDNA molecules. It is understood that all 
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nucleic acid molecules encoding all or a portion of Trp8a, Trp8b, Trp9,Trpl0a or TrplOb are 
also included, as long as they encode a polypeptide with biological activity. The nucleic acid 
molecules of the invention an be isolated from natural sources or can be synthesized 
according to know methods. 

The present invention also provides nucleic acid molecules which hybridize to the above 
nucleic acid molecules. As used herein, the term „hybridize„ has the meaning of hybridization 
under conventional hybridization conditions, preferably under stringent conditions as 
described, for example, in Sambrook et al., Molecular Cloning, A Laboratory Manual 2 nd 
edition (1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY. Also 
contemplated are nucleic acid molecules that hybridize to the Trp nucleic acid molecules at 
lower stringency hybridization conditions. Changes in the stringency of hybridization and 
signal detection are primarily accomplished through the manipulation of formamide 
concentration (lower percentages of formamide result in lowered stringency), salt conditions, 
or temperature. For example, lower stringency conditions include an overnight incubation at 
37°Cin a solution comprising 6X SSPE (20X SSPE = 3M NaCl; 9.2M NaHjPO^ 0.02M 
EDTA, pH7.4), 0.5% SDS, 30% formamide, 100 ng/ml salmon sperm blocking DNA, 
following by washes at 50°C with 1 X SSPE, 0.1% SDS. In addition, to achieve even lower 
stringency, washes performed following stringent hybridization can be done at higher salt 
concentrations (e.g. 5X SSC). Variations in the above conditions may be accomplished 
through the inclusion and/or substitution of alternate blocking reagents used to suppress 
background in hybridization experiments. The inclusion of specific blocking reagents may 
require modification of the hybridization conditions described above, due to problems with 
compatibility. 

Nucleic acid molecules that hybridize to the molecules of the invention can be isolated, e.g., 
from genomic or cDNA libraries that were produced from human cell lines or tissues. In order 
to identify and isolate such nucleic acid molecules the molecules of the invention or parts of 
these molecules or the reverse complements of these molecules can be used, for example by 
means of hybridization according to conventional methods (see, e.g., Sambrook et al., supra). 
As a hybridization probe nucleic acid molecules can be used, for example, that have exactly 
or basically the nucleotide sequence depicted in Figure 7, 8A, 9,10 or 11, respectively, or 
parts of these sequences. The fragments used as hybridization probe can be synthetic 
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fragments that were produced by means of conventional synthetic methods and the sequence 
of which basically corresponds to the sequence of a nucleic acid molecule of the invention. 

The nucleic acid molecules of the present invention also include molecules with sequences 
that are degenerate as a result of the genetic code. 

In a further embodiment, the present invention provides nucleic acid molecules which 
comprise fragments, derivatives and allelic variants of the nucleic acid molecules described 
above encoding a protein of the invention. „Fragments„ are understood to be parts of the 
nucleic acid molecules that are long enough to encode one of the described proteins. These 
fragments comprise nucleic acid molecules specifically hybridizing to transcripts of the 
nucleic acid molecules of the invention. These nucleic acid molecules can be used, for 
example, as probes or primers in the diagnostic assay and/or kit described below and, 
preferably, are oligonucleotides having a length of at least 10, in particular of at least 15 and 
particularly preferred of at least 50 nucleotides. The nucleic acid molecules and 
oligonucleotides of the invention can also be used, for example, as primers for a PCR 
reaction. Examples of particular useful probes (primers) are shown in Tables 1 and 2. 

Table 1 

Trp8 probes used for in situ hybridization: 
Probes (antisense) 

1. ) 5' TCCGCTGCCGGTTGAGATCTTGCC 3' 

2. ) 5' CTTGCTCCATAGGCAGAGAATTAG 3 ' 

3. ) 5' ATCCTC AGAGCCCCGGGTGTGGAA3 ' 

Controls (sense) 

1. ) 5' GGCAAGATCTCAACCGGCAGCGGA 3' 

2. ) 5' CTAATTCTCTGCCTATGGAGC AAG 3 ' 

3. ) 5 s TTCCACACCCGGGGCTCTGAGGAT 3' 

Tabelle 2 

TrplO probes used for the in situ hybridizations shown in Figure 14: 
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Probes (antisense) 

1. ) 5' GCTTCCACCCCAAGCTTCACAGGAATAGA3 5 (Figure 14 A, 14B) 

2. ) 5' GGCGATGAAATGCTGGTCTGTGGC 3' (Figure 14C, 14D, 14N, 14S, 140) 

3. ) 5' ATCTTCCAGTTCTTGGTGTCTCGG 3' (Figure 14E, 14K) 

4. ) 5' GCTGCAGTACTCCTGCACCAGGAA 3' (Figure 14L, 14M) 

Probes (sense) 

1. ) 5' TCTATTCCTGTGAAGCTTGGGGTGGAAGC 3' (Figure 14F, 14G) 

2. ) 5' GCCACAGACCAGCATTTCATCGCC 3' (Figure 14H, 141, 14T) 

3. ) 5' CCGAGACACCAAGAACTGGAAGAT 3' (Figure 14J, 14P) 

4. ) 5' TTCCTGGTGCAGGAGTACTGCAGC 3' (Figure 14Q, 14R) 



The term „derivative„ in this context means that the sequences of these molecules differ from 
the sequences of the nucleic acid molecules described above at one or several positions but 
have a high level of homology to these sequences. Homology hereby means a sequence 
identity of at least 40%, in particular an identity of at least 60%, preferably of more than 80% 
and particularly preferred of more than 90%. These proteins encoded by the nucleic acid 
molecules have a sequence identity to the amino acid sequence depicted in Figure 7, 8 A, 9, 10 
and 11, respectively, of at least 80%, preferably of 85% and particularly preferred of more 
than 90%, 97% and 99%. The deviations to the above-described nucleic acid molecules may 
have been produced by deletion, substitution, insertion or recombination. The definition of the 
derivatives also includes splice variants, e.g. the splice variants shown in Figures 8B to 8E 
and9B. 

The nucleic acid molecules that are homologous to the above-described molecules and that 
represent derivatives of these molecules usually are variations of these molecules that 
represent modifications having the same biological function. They can be naturally occurring 
variations, for example sequences from other organisms, or mutations that can either occur 
naturally or that have been introduced by specific mutagenesis. Furthermore the variations can 
be synthetically produced sequences. The allelic variants can be either naturally occurring 
variants or synthetically produced variants or variants produced by recombinant DNA 
processes. 
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Generally, by means of conventional molecular biological processes it is possible (see, e.g., 
Sambrook et al., supra) to introduce different mutations into the nucleic acid molecules of the 
invention. As a result Trp proteins or Tip related proteins with possibly modified biological 
properties are synthesized. One possibility is the production of deletion mutants in which 
nucleic acid molecules are produced by continuous deletions from the 5'- or 3'-terminal of the 
coding DNA sequence and that lead to the synthesis of proteins that are shortened 
accordingly. Another possibility is the introduction of single-point mutation at positions 
where a modification of the amino aid sequence influences, e.g., the ion channel properties or 
the regulations of the trp-ion channel. By this method muteins can be produced, for example, 
that possess a modified ion conducting pore, a modified K m -value or that are no longer subject 
to the regulation mechanisms that normally exist in the cell, e.g. with regard to allosteric 
regulation or covalent modification. Such muteins might also be valuable as therapeutically 
useful antagonists of Trp8a, Trp8b, Trp9,Trpl0a or TrplOb, respectively. 

For the manipulation in prokaryotic cells by means of genetic engineering the nucleic acid 
molecules of the invention or parts of these molecules can be introduced into plasmids 
allowing a mutagenesis or a modification of a sequence by recombination of DNA sequences. 
By means of conventional methods (cf. Sambrook et al., supra) bases can be exchanged and 
natural or synthetic sequences can be added. In order to link the DNA fragments with each 
other adapters or linkers can be added to the fragments. Furthermore, manipulations can be 
performed that provide suitable cleavage sites or that remove superfluous DNA or cleavage 
sites. If insertions, deletions or substitutions are possible, in vitro mutagenesis, primer repair, 
restriction or ligation can be performed. As analysis method usually sequence analysis, 
restriction analysis and other biochemical or molecular biological methods are used. 

The proteins encoded by the various variants of the nucleic acid molecules of the invention 
show certain common characteristics, such as ion channel activity, molecular weight, 
immunological reactivity or conformation or physical properties like the electrophoretical 
mobilty, chromatographic behavior, sedimentation coefficients, solubility, spectroscopic 
properties, stability; pH optimum, temperature optimum. 

The invention furthermore relates to vectors containing the nucleic acid molecules of the 
invention. Preferably, they are plasmids, cosmids, viruses, bacteriophages and other vectors 
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usually used in the field of genetic engineering. Vectors suitable for use in the present 
invention include, but are not limited to the T7-based expression vector for expression in 
mammalian cells and baculovirus-derived vectors for expression in insect cells. Preferably, 
the nucleic acid molecule of the invention is operatively linked to the regulatory elements in 
the recombinant vector of the invention that guarantee the transcription and synthesis of an 
RNA in prokryotic and/or eukaryotic cells that can be translated. The nucleotide sequence to 
be transcribed can be operably linked to a promoter like a 17, metallothionein I or polyhedrin 
„ promoter. 

In a further embodiment, the present invention relates to recombinant host cells transiently or 
stable containing the nucleic acid molecules or vectors or the invention. A host cell is 
understood to be an organism that is capable to take up in vitro recombinant DNA and, if the 
case may be, to synthesize the proteins encoded by the nucleic acid molecules of the 
invention. Preferably, these cells are prokaryotic or eukaryotic cells, for example mammalian 
cells, bacterial cells, insect cells or yeast cells. The host cells of the invention are preferably 
characterized by the fact that the introduced nucleic acid molecule of the invention either is 
heterologous with regard to the transformed cell, i.e. that it does not naturally occur in these 
cells, or is localized at a place in the genome different from that of the corresponding 
naturally occurring sequence. 

A further embodiment of the invention relates to isolated proteins exhibiting biological 
properties of the human prostate carcinoma associated protein Trp8a, Trp8b, Trp9,Trpl0a or 
TrplOb and being encoded by the nucleic acid molecules of the invention, as well as to 
methods for their production, whereby, e.g., a host cell of the invention is cultivated under 
conditions allowing the synthesis of the protein and the protein is subsequently isolated from 
the cultivated cells and/or the culture medium. Isolation and purification of the recombinantly 
produced proteins may be carried out by conventional means including preparative 
chromatography and affinity and immunological separations involving affinity with an anti- 
Trp8a-, anti-Trp8b-, anti-Trp9-,anti-Trpl0a- or anti-Trpl Ob-antibody, respectively. 

As used herein, the term „isolated protein,, includes proteins substantially free of other 
proteins, nucleic acids, lipids, carbohydrates or other materials with which it is naturally 
associated. Such proteins however not only comprise recombinantly produced proteins but 
include isolated naturally occurring proteins, synthetically produced proteins, or proteins 
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produced by a combination of these methods. Means for preparing such proteins are well 
understood in the art. The Trp proteins are preferably in a substantially purified form. A 
recombinant^ produced version of a human prostate carcinoma associated protein Trp8a, 
Trp8b, Trp9,Trpl0a or TrplOb protein, including the secreted protein, can be substantially 
purified by the one-step method described in Smith and Johnson, Gene 67; 3 1-40 (1988). 

In a further preferred embodiment, the present invention relates to an antisense RNA 
sequence characterised that it is complementary to an mRNA transcribed from a nucleic acid 
molecule of the present invention or a part thereof and can selectively bind to said mRNA, 
said sequence being capable of inhibiting the synthesis of the protein encoded by said nucleic 
acid molecules, and a ribozyme characterised in that it is complementary to an mRNA 
transcribed from a nucleic acid molecule of the present invention or a part thereof and can 
selectively bind to and cleave said mRNA, thus inhibiting the synthesis of the proteins 
encoded by said nucleic acid molecules. Riboyzmes which are composed of a single RNA 
chain are RNA enzymes, i.e. catalytic RNAs, which can intermolecularly cleave a target 
RNA, for example the mRNA transcribed from one of the Trp genes. It is now possible to 
construct ribozymes which are able to cleave the target RNA at a specific site by following 
the strategies described in the literature, (see, e.g., Tanner et al., in: Antisense Research and 
Applications, CRC Press Inc. (1993), 415-426). The two main requirements for such 
ribozymes are the catalytic domain and regions which are complementary to the target RNA 
and which allow them to bind to its substrate, which is a prerequisite for cleavage. Said 
complementary sequences, i.e., the antisense RNA or ribozyme, are useful for repression of 
Trp8a-, Trp8b, Trp9-,Trpl0a- and Trp 1 Ob-expression, respectively, i.e. in the case of the 
treatment of a prostate cancer or endometrial cancer (carcinoma of the uterus). Preferably, the 
antisense RNA and ribozyme of the invention are complementary to the coding region. The 
person skilled in the art provided with the sequences of the nucleic acid molecules of the 
present invention will be in a position to produce and utilise the above described antisense 
RNAs or ribozymes. The region of the antisense RNA and ribozyme, respectively, which 
shows complementarity to the mRNA transcribed from the nucleic acid molecules of the 
present invention preferably has a length of at least 10, in particular of at least 15 and 
particularly preferred of at least 50 nucleotides. 

In still a further embodiment, the present invention relates to inhibitors of Trp8a, Trp8b, Trp9, 
TrplOa and TrplOb, respectively, which fulfill a similar purpose as the antisense RNAs or 
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ribozymes mentioned above, i.e. reduction or elimination of biologically active Trp8a, Trp8b, 
Trp9, TrplOa or TrplOb molecules. Such inhibitors can be, for instance, structural analogues 
of the corresponding protein that act as antagonists. In addition, such inhibitors comprise 
molecules identified by the use of the recombinantly produced proteins, e.g. the 
recombinantly produces protein can be used to screen for and identify inhibitors, for example, 
by exploiting the capability of potential inhibitors to bind to the protein under appropriate 
conditions. The inhibitors can, for example, be identified by preparing a test mixture wherein 
the inhibitor candidate is incubated with Trp8a, Trp8b, Trp9, TrplOa or TrplOb, respectively, 
under appropriate conditions that allow Trp8a, Trp8b, Trp9, TrplOa or TrplOb to be in a 
native conformation. Such an in vitro test system can be established according to methods 
well known in the art. Inhibitors can be identified, for example, by first screening for either 
synthetic or naturally occurring molecules that bind to the recombinantly produced Tip 
protein and then, in a second step, by testing those selected molecules in cellular assays for 
inhibition of the Trp protein, as reflected by inhibition of at least one of the biological 
activities as described in the examples, below. Such screening for molecules that bind Trp8a, 
Trp8b, Trp9, TrplOa or TrplOb could easily performed on a large scale, e.g. by screening 
candidate molecules from libraries of synthetic and/or natural molecules. Such an inhibitor is, 
e.g., a synthetic organic chemical, a natural fermentation product, a substance extracted from 
a microorganism, plant or animal, or a peptide. Additional examples of inhibitors are specific 
antibodies, preferably monoclonal antibodies. Moreover, the nucleic sequences of the 
invention and the encoded proteins can be used to identify further factors involved in tumor 
development and progression. In this context it should be emphasized that the modulation of 
the calcium channel of a member of the trp family can result in the stimulation of the immune 
response of T lymphocytes leading to proliferation of the T lymphocytes. The proteins of the 
invention can, e.g., be used to identify further (unrelated) proteins which are associated with 
the tumor using screening methods based on protein/protein interactions, e.g. the two-hybrid- 
system Fields, S. and Song, 0. (1989) Nature (340): 245-246. 

The present invention also provides a method for diagnosing a prostate carcinoma which 
comprises contacting a target sample suspected to contain the protein Trp8a, Trp8b, TrplOa 
and/or TrplOb or the Trp8a, Trp8b, TrplOa and/or TrplOb encoding mRNA with a reagent 
which reacts with Trp8a, Trp8b, TrplOa and/or TrplOb or the Trp8a, Trp8b, TrplOa and/or 
TrplOb encoding mRNA and detecting Trp8a, Trp8b, TrplOa and/or TrplOb or Trp8a, Trp8b, 
TrplOa and/or Trp 10b encoding mRNA. 
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It has been found that carcinoma cells of placenta (chorion carcinoma), lung and prostate 
express TrplO transcripts as well as TrplO antisense transcripts and transcripts being in part 
complementary to TrplO antisense transcripts. Accordingly, the present invention also 
provides a method for diagnosing a melanoma, chorion carcinoma, cancer of the lung and of 
the prostate in a tissue of a subject, comprising contacting a sample with a reagent which 
detects TrplOa and/or TrplOb antisense RNA. 

When the target is mRNA (or antisense RNA), the reagent is typically a nucleic acid probe or 
a primer for PCR. The person skilled in the art is in a position to design suitable nucleic acids 
probes based on the information as regards the nucleotide sequence of Trp8a, Trp8b, TrplOa 
or TrplOb as depicted in figure 7, 8a, 10 and 11, respectively, or tables 1 and 2, above. When 
the target is the protein, the reagent is typically an antibody probe. The term „antibody", 
preferably, relates to antibodies which consist essentially of pooled monoclonal antibodies 
with different ephopic specifities, as well as distinct monoclonal antibody preparations. 
Monoclonal antibodies are made from an antigen containing fragments of the proteins of the 
invention by methods well known to those skilled in the art (see, e.g., Kohler et al., Nature 
256 (1975), 495). As used herein, the term „antibody" (Ab) or „monoclonal antibody" (Mab) 
is meant to include intact molecules as well as antibody fragments (such as, for example, Fab 
and F(ab') 2 fragments) which are capable of specifically binding to protein. Fab and f(ab')2 
fragments lack the Fc fragment of intact antibody, clear more rapidly from the circulation, and 
may have less non-specific tissue binding than an intact antibody. (Wahl et al., J. Nucl. Med. 
24: 316-325 (1983)). Thus, these fragments are preferred, as well as the products of a FAB or 
other immunoglobulin expression library. Moreover, antibodies of the present invention 
include chimerical, single chain, and humanized antibodies. The target cellular component, 
i.e. Trp8a, Trp8b, TrplOa and/or TrplOb or Trp8a, Trp8b, TrplOa and/or TrplOb encoding 
mRNA or TrplOa/b antisense transcripts, e.g., in biological fluids or tissues, may be detected 
directly in situ, e.g. by in situ hybridization (e.g., according to the examples, below) or it may 
be isolated from other cell components by common methods known to those skilled in the art 
before contacting with a probe. Detection methods include Northern blot analysis, KNase 
protection, in situ methods, e.g. in situ hybridization, in vitro amplification methods (PCR, 
LCR, QRNA replicase or RNA-transcription/ampUfication (TAS, 3SR), reverse dot blot 
disclosed in EP-B1 O 237 362)), immunoassays, Western blot and other detection assays that 
are known to those skilled in the art. 
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Products obtained by in vitro amplification can be detected according to established methods, 
e.g. by separating the products on agarose gels and by subsequent staining with ethidium 
bromide. Alternatively, the amplified products can be detected by using labeled primers for 
amplification or labeled dNTPs. 

The probes can be detectable labeled, for example, with a radioisotope, a bioluminescent, 
compound, a chemiluminescent compound, a fluorescent compound, a metal chelate, or an 
enzyme. 

Expression of Trp8a, Tip8b, TiplOa and TrplOb, respectively, in tissues can be studied with 
classical immunohistological methods (Jalkanen et al., J. Cell. Biol. 101 (1985), 976-985; 
Jalkanen et al., J. Cell. Biol. 105 (1987), 3087-3096; Sobol et al. Clin. Immunpathol. 24 
(1982), 139-144; Sobol et al., Cancer 65 (1985), 2005-2010). Other antibody based methods 
useful for detecting protein gene expression include immunoassays, such as the enzyme 
linked immunosorbent assay (ELISA) and the radioimmunoassay (RIA). Suitable antibody 
assay labels are known in the art and include enzyme labels, such as, glucose oxidase, and 
radioisotopes, such as iodine ( 125 I, n % carbon ( 14 C), sulfur ( 35 S), tritium ( 3 H), indium ( 112 In), 
and technetium rhodamine, and biotin. In addition to assaying Trp8a, Trp8b, Tip 10a or 
TrplOb levels in a biological sample, the protein can also be detected in vivo by imaging. 
Antibody labels or markers for in vivo imaging of protein include those detectable by X- 
radiography, NMR or ESR For X-radiography, suitable labels include radioisotopes such as 
barium or cesium, which emit detectable radiation but are not overtly harmful to the subject. 
Suitable markers for NMR and ESR include those with a detectable characteristic spin, such 
as deuterium, which may be incorporated into the antibody by labeling of nutrients for the 
relevant hybridoma. A protein-specific antibody or antibody fragment which has been labeled 
with an appropriate detectable imaging moiety, such as a radioisotope (for example, 13 % 112 In, 
"mTc), a radio-opaque substance, or a material detectable by nuclear magnetic resonance, is 
introduced (for example, parenterally, subcutaneously, or intraperitoneally) into the mammal. 
It will be understood in the art that the size of the subject and the imaging system used will 
determine the quantity of imaging moiety needed to produce diagnostic images. In the case of 
a radioisotope moiety, for a human subject, the quantity of radioactivity injected will normally 
range from about 5 to 20 millicuries of "mTc. The labeled antibody or antibody fragment will 
then preferentially accumulate at he location of cells which contain the specific protein. In 
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vivo tumor imaging is described in S.W. Burchiel et al., „Immunopharmacokinetics of 
Radiolabeled Antibodies and Their Fragments". (Chapter 13 in Tumor Imaging: The 
Radiochemical Detection of Cancer, S.W. Burchiel and BA Rhodes, eds., Masson 
Publishing Inc. (1982)). 

The marker Trp8a and Trp8b is also useful for prognosis, for monitoring the progression of 
the tumor and the diagnostic evaluation of the degree of malignancy of a prostate tumor 
(grading and staging), e.g. by using in situ hybridization: In a primary carcinoma Trp8 is 
expressed in about 2 to 10% of carcinoma cells, in a rezidive carcinoma in about 10 to 60% of 
cells and in metastases in about 60 to 90% of cells. 

The present invention also relates to a method for diagnosing endometrial cancer (cancer of 
the uterus) which comprises contacting a target sample suspected to contain the protein Trp8a 
and/or Trp8b or the Trp8a and/or Trp8b encoding mRNA with a reagent which reacts with 
Trp8a and/or Trp8b or the encoding mRNA and detecting Trp8a and/or Trp8b encoding 
mRNA. As regards particular embodiments of this method reference is made to the particular 
embodiments of the method of diagnosing a prostate cancer outlined above. 

For evaluating whether the concentration of Trp8a, Trp8b, TrplOa or TrplOb or the 
concentration of Trp8a, Trp8b, TrplOa or TrplOb encoding mRNA is normal or increased, 
thus indicative for the presence of a malignant tumor, the measured concentration is compared 
with the concentration in a normal tissue, preferably by using the ratio of Trp8a:Trp9, 
Trp8b:Trp9 or Trpl0(a or b)/Trp9 for quantification. 

Since the prostate carcinoma forms its own basement membrane when growing invasively, it 
can be concluded that only cells expressing Trp8 and TrplO are involved in this phenomenon. 
Thus, it can be concluded that by inhibiting the expression and/or activity of these proteins an 
effective therapy of cancers like PCA is provided. 

Thus, the present invention also relates to a pharmaceutical composition containing a reagent 
which decreases or inhibits Trp8a, Trp8b, TrplOa and/or TrplOb expression or the activity of 
Trp8a, Trp8b, TrplOa and/or TrplOb, and a method for preventing, treating, or ameliorating a 
prostate tumor, endometrial cancer (uterine carcinoma) tumor, a chorion carcinoma, cancer of 
the lung or melanoma, which comprises administering to a mammalian subject a 
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therapeutically effective amount of a reagent which decreases or inhibits Trp8a, Trp8b, 
TrplOa and/or TrplOb expression or the activity of Trp8a, Trp8b, TrplOa and/or TrplOb. 
Examples of such reagents are the above described , antisense RNAs, ribozymes or inhibitors, 
e.g. specific antibodies. Furthermore, peptides, which inhibit or modulate the biological 
function of Trp8a, Trp8b, Trp9, TrplOa and/or TrplOb may be useful as therapeutical 
reagents. For example, these peptides can be obtained by screening combina torial phage 
display libraries (Cosmix, Braunschweig, Germany) as described by Rottgen, P. and Collins, 
J. (Gene (1995) 164 (2): 243-250). Furthermore, antigenic epitopes of the Trp8 and TiplO 
proteins can be identified by the expression of recombinant Trp8 and TrplO epitope libraries 
in E. coli (Marquart, A. & Flockerzi, V., FEBS Lett. 407 (1997), 137-140; Trost, C, et al., 
FEBS Lett. 451 (1999) 257-263 and the consecutive screening of these libraries with serum of 
patients with cancer of the prostate or of the endometrium. Those Trp8 and TrplO epitopes 
which are immunogenic and which lead to the formation of antibodies in the serum of the 
patients can be then be used as Trp8 or TrplO derived peptide vaccines for immune inventions 
against cancer cells which express Trp8 or TrplO. Alternatively to the E. coli expression 
system, Trp8 or TrplO or epitopes of Trp8 and TrplO can be expressed in mammalian cell 
lines such as human embryonic kidney (Hek 293) cells (American Type Culture Collection, 
ATCC CRL 1573). 

Finally, compounds useful for therapy of the above described diseases comprise compounds 
which act as antagonists or agonists on the ion channels Trp8, Trp9 and TrplO. It could be 
shown that Trp8 is a highly calcium selective ion channel which in the presence of 
monovalent (namely sodium) and divalent ions (namely calcium) is only permeable for 
calcium ions (see Example 4, below, and Figures 3 A, C, E). Under physiological conditions, 
Trp8 is a calcium selective channel exhibiting large inward currents. This very large 
conductance of Trp8 channels (as wells as Trp9 and Trpl0a^ channels) is useful to establish 
systems for screening pharmacological compounds interacting with Trp-channels including 
high throughput screening systems. Useful high throughput screening systems are well known 
to the person skilled in the art and include, e.g., the use of cell lines stably or transiently 
transfected with DNA sequences encoding Trp8, Trp9 and TrplO channels in assays to detect 
calcium signaling in biological systems. Such systems include assays based on Ca-sensitive 
dyes such as aequorin, apoaequorin, Fura-2, Fluo-3 and Indo-1. 
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Accordingly, the present invention also relates to a method for identifying compounds which 
act as agonists or antagonists on the ion channels Trp8, Trp9 and/or TrplO, said method 
comprising contacting a test compound with the ion channel Trp8, Trp9 and/or TrplO, 
preferably by using a system based on cells stably or transiently tranisfected with DNA 
sequences encoding Tip8, Trp9 and/or TrplO, and determining whether said test compound 
affects the calcium uptake. 

For administration the above described reagents are preferably combined with suitable 
pharmaceutical carriers. Examples of suitable pharmaceutical carriers are well known in the 
art and include phosphate buffered saline solutions, water, emulsions, such as oil/water 
emulsions, various types of wetting agents, sterile solutions etc. Such carriers can be 
formulated by conventional methods and can be administered to the subject at a suitable dose. 
Administration of the suitable compositions may be effected by different ways, e.g. by 
intravenous, intraperetoneal, subcutaneous, intramuscular, topical or intradermal 
administration. The route of administration, of course, depends on the nature of the tumor and 
the kind of compound contained in the pharmaceutical composition. The dosage regimen will 
be determined by the attending physician and other clinical factors. As is well known in the 
medical arts, dosages for any one patient depends on many factors, including the patient's 
size, body surface area, age, sex, the particular compound to be administered, time and route 
of administration, the kind and stage of the tumor, general health and other drugs being 
administered concurrently. 

The delivery of the antisense RNAs or ribozymes of the invention can be achieved by direct 
application or, preferably, by using a recombinant expression vector such as a chimeric virus 
containing these compounds or a colloidal dispersion system. By delivering these nucleic 
acids to the desired target, the intracellular expression of Trp8a, Trp8b, TrplOa and/or TrplOb 
and, thus, the level of Trp8a, Trp8b, TrplOa and/or TrplOb can be decreased resulting in the 
inhibition of the negative effects of Trp8a, Trp8b, TrplOa and/or TrplOb, e.g. as regards the 
metastasis formation of PCA. 

Direct application to the target site can be performed, e.g., by ballistic delivery, as a colloidal 
dispersion system or by catheter to a site in artery. The colloidal dispersion systems which can 
be used for delivery of the above nucleic, acids include macromolecule complexes, 
nanocapsules, microspheres, beads and lipid-based systems including oil-in-water emulsions 
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(mixed), micelles, liposomes and lipoplexes, The preferred colloidal system is a liposome. 
The composition of the liposome is usually a combination of phospholipids and steroids, 
especially cholesterol. The skilled person is in a position to select such liposomes which are 
suitable for the delivery of the desired nucleic acid molecule. Organ-specific or cell-specific 
liposomes can be used in order to achieve delivery only to the desired tumor. The targeting of 
liposomes can be carried out by the person skilled in the art by applying commonly known 
methods. This targeting includes passive targeting (utilizing the natural tendency of the 
liposomes to distribute to cells of the RES in organs which contain sinusoidal capillaries) or 
active targeting (for example by coupling the liposome to a specific ligand, e.g., an antibody, 
a receptor, sugar, glycolipid, protein etc., by well known methods). In the present invention 
monoclonal antibodies are preferably used to target liposomes to specific tumors via specific 
cell-surface ligands. 

Preferred recombinant vectors useful for gene therapy are viral vectors, e.g. adenovirus, 
herpes virus, vaccinia, or, more preferably, an KNA virus such as a Retrovirus. Even more 
preferably, the retroviral vector is a derivative of a murine or avian retrovirus. Examples of 
such retroviral vectors which can be used in the present invention are: Moloney murine 
leukemia virus (MoMuLV), Harvey murine sarcoma virus (HaMuSV), murine mammary 
tumor virus (MuMTV) and Rous sarcoma virus (RSV). Most preferably, a non-human 
primate retroviral vector is employed, such as the gibbon ape leukemia virus (GaLV), 
providing a broader host range compared to murine vectors. Since recombinant retroviruses 
are defective, assistance is required in order to produce infectious particles. Such assistance 
can be provided, e.g., by using helper cell lines that contain plasmids encoding all of the 
structural genes of the retrovirus under the control of regulatory sequences within the LTR, 
Suitable helper cell lines are well known to those skilled in the art. Said vectors can 
additionally contain a gene encoding a selectable marker so that the transduced cells can be 
identified. Moreover, the retroviral vectors can be modified in such a way that they become 
target specific. This can be achieved, e.g., by inserting a polynucleotide encoding a sugar, a 
glycolipid, or a protein, preferably an antibody. Those skilled in the art know additional 
methods for generating target specific vectors. Further suitable vectors and methods for in 
vitro- or in vivo-gene therapy are described in the literature and are known to the persons 
skilled in the art; see, e.g., WO 94/29469 or WO 97/00957. 
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In order to achieve expression only in the target organ, i.e. tumor to be treated, the nucleic 
acids encoding, e.g. an antisense RNA or ribozyme can also be operably linked to a tissue 
specific promoter and used for gene therapy. Such promoters are well known to those skilled 
in the art (see e.g. Zimmermann et al., (1994) Neuron 12, 11-24; Vidal et al.; (1990) EMBO J. 
9, 833-840; Mayford et al., (1995), Cell 81, 891-904; Pinkert et al., (1987) Genes & Dev. 1, 
268-76). 

For use in the diagnostic research discussed above, kits are also provided by the present 
invention. Such kits are useful for the detection of a target cellular component, which is 
Trp8a, Trp8b, TrplOa and/or TrplOb or, alternatively, Trp8a, Trp8b, TrplOa and/or TrplOb 
encoding mKNA or TrplOa/b antisense transcripts, wherein the presence or an increased 
concentration of Trp8a, Trp8b, TrplOa and/or TrplOb or, alternatively, Trp8a, Trp8b, TrplOa 
and/or TrplOb encoding mKNA or TrplOaft antisense transcripts is indicative for a prostate 
tumor, endometrial cancer, melanoma, chorion carcinoma or cancer of the lung, said kit 
comprising a probe for detection of Trp8a> Trp8b, Trp9, TrplOa and/or TrplOb or, 
alternatively, Trp8a, Trp8b, Trp9, TrplOa and/or TrplOb encoding mKNA or TrplOaft 
antisense transcripts. The probe can be detectably labeled. Such probe may be a specific 
antibody or specific oligonucleotide. In a preferred embodiment, said kit contains an anti- 
Trp8a-, anti-Trp8b-, anti-Trp9-, anti-Tip lOa-and/or anti-Trpl Ob-antibody and allows said 
diagnosis, e.g., by ELISA and contains the antibody bound to a solid support, for example, a 
polystyrene microtiter dish or nitrocellulose paper, using techniques known in the art. 
Alternatively, said kits are based on a RIA and contain said antibody marked with a 
radioactive isotope. In a preferred embodiment of the kit of the invention the antibody is 
labeled with enzymes, fluorescent compounds, luminescent compounds, ferromagnetic probes 
or radioactive compounds. The kit of the invention may comprise one or more containers 
filled with, for example, one or more probes of the invention. Associated with container (s) of 
the kit can be a notice in the form prescribed by a governmental agency regulating the 
manufacture, use or sale of pharmaceuticals or biological products, which notice reflects 
approval by the agency of manufacture, us or sale for human administration. 



EXAMPLES 
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The following Examples are intended to illustrate, but not to limit the invention. While such 
Examples are typical of those that might be used, other methods known to those skilled in the 
art may alternatively be utilized. 

Example 1: Materials and Methods 

(A) Isolation of cDNA clones and Northern blot analysis 

Total KNA was isolated from human placenta an prostate using standard techniques. Isolation 
of mRNA was performed with poly (A) + RNA - spin columns (New England Biolabs, Beverly, 
USA) according to the instructions of the manufacturer. Poly (a) *RNA was reverse 
transcribed using the cDNA choice system (Gibco-BRL, Rockville, USA) and subcloned in \- 
Zap phages (Stratagene, La Jolla, USA). An human expressed sequence tag (GenBank 
accession number 1404042) was used to screen an oligo d(T) primed human placenta cDNA 
library. Several cDNA clones were identified and isolated. Additional cDNA clones were 
isolated from two specifically primed cDNA libraries using primers 5'-gca tag gaa ggg aca 
ggt gg-3' and 5' -gag agt cga ggt cag tgg tcc-3\ 

cDNA clones were sequenced using a thermocycler (PE Applied Biosystems, USA) and 
Thermo Sequenase (Amersham Pharmacia Biotech Europe, Freiburg, Germany). DNA 
sequences were analyzed with an automated sequencer (Licor, Linccoln, USA). 

For Northern blot analysis 5 j^g human poly (A) + RNA from human placenta or prostate were 
separated by electrophoresis on 0.8 % agarose gels. Poly (A) + KNA was transferred to 
Hybond N nylon membranes (Amersham Pharmacia Biotech Europe, Freiburg, Germany). 
The membranes were hyridized in the presence of 50 % formamide at 42°C over night. DNA 
probes were labelled using [a 32 P]dCTP and the „ready prime,, labelling kit (Amersham 
Pharmacia Biotech Europe, Freiburg, Germany). Commercial Northern blots were hybridized 
according to the distributors instructions (Clontech, Paolo Alto, USA). 

(B) Construction of expression plasmids and transfection of HEK 293 cells 

Lipofections were carried out with the recombinant dicistronic eucaryotic expression plasmid 
pdiTRP8 containing the cDNA of Trp8b under the control of the chicken J3-actin promoter 
followed by an internal ribosome entry side (IRES) and the cDNA of the green fluorescent 
protein (GFP). To obtain pdiTRP8 carrying the entire protein coding regions of TRP8b and 
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the GFP (Prasher, D.C. et al. (1992), Gene 111, 229-233), the 5^ and 3 '-untranslated sequences 
of the TRP8b cDNA were removed, the consensus sequence for initiation of translation in 
vertebrates (Kozak, M. (1987) Nucleic Acids ResearchlS, 8125-8148) was introduced 
immediately 5 x of the translation initiation codon and the resulting cDNA was subcloned into 
the pCAGGS vector (Niwa, H, Yamamura, K. and Miyazaki, J (1991), Gene 8, 193-199) 
downstream of the chicken (J-actin promoter. The IRES derived from encephalmyocarditis 
virus (Kim, D.G., Kang, H.M., Jang, S.K. and Shin H.S. (1992) Mol.Cdl.BioL 12, 3636- 
3643) followed by the GFP cDNA containing a Ser65Thr mutation (Heim, R., Cubitt, AB., 
Tsien, RY. (1995) Nature 373, 663-664) was then cloned 3* to the TRP8b cDNA The IRES 
sequence allows the simultaneous translation of TRP8b and GFP from one transcript. Thus, 
transfected cells can be detected unequivocally by the development of green fluorescence. 

For monitoring of the intracellular Ca 2+ concentration human embryonic kidney (HEK 293) 
cells were cotransfected with the pcDNA3-TRP8b vector and the pcDNA3-GFPvector in a 
molar ratio of 4 : 1 in the presence of lipofectamine (Quiagen, Hilden, Germany). To obtain 
pcDNA3-TRP8b the entire protein coding region of TRP8b including the consensus sequence 
for initiation of translation in vertebrates (Kozak, M. (1987) Nucleic Acids Researchl5, 8125- 
8148) was subcloned into the pcDNA3 vector (Invitrogen, Groningen, Netherlands). Calcium 
monitoring and patch clamp experiments were carried out two days and one day after 
transfection, respectively. 

(Q Chromosomal localization of the Trp8 gene 

The chromosomal localization of the human TRP8 gene was performed using NIGMS 
somatic hybrid mapping panel No.2 (Coriell Institute, Camden, NJ, USA) previously 
described (Drwinga, H.L., Toji, L.H., Kim, C.H, Greene, AE., Mulivor, RA (1993) 
Genomics 16, 311-314; Dubois, B.L. andNaylor, S.L. (1993) Genomics 16, 315-319). 

(D) In Vitro Translation, glutathione - sepharose and calmodulin agarose binding assay 
N- and C-terminal Trp8-fragments were subcloned into the pGEX-4T2 vector (Amersham 
Pharmacia Europe, Freiburg, Germany) resulting in glutathione-S-transferase (GST)-Trp8 
fusion constructs (Fig. 4). The GST-TRP8-fusion proteins were expressed in E. coli BL 21 
cells and purified using glutathione - sepharose beads (Amersham Pharmacia Biotech Europe, 
Freiburg, Germany). 



23 



WO 02/010382 



PCT/EP01/08309 



In vitro translation of human Trp8 cDNA and Xenopus laevis calmodulin cDNA (Davis, T.N. 
and Thorner, J. Proc.Natl.Acad.Sci. USA 86, 7909-7913.) was performed in the presence of 
35 S-methionine using the TNT coupled transcription/translation kit (Promega, Madison, 
USA). Translation products were purified by gel fliltration (Sephadex G50, Amersham 
Pharmacia Biotech Europe, Freiburg, Germany) and equal amounts of 35 S labeled probes were 
incubated for 2 h with glutathione beads bound to GST - Trp8 or calmodulin - agarose 
(Calbiochem) in 50 mM Tris-HCl, pH 7.4, 0. 1 % Triton X-100, 150 mM NaCl in the presence 
of 1 mM Ca 2+ or 2 mM EGTA After three washes, bound proteins were eluted with SDS 
sample buffer, fractionated by SDS-PAGE and 35 S labeled proteins were detected using a 
Phosphor Imager (Fujifilm, Tokyo, Japan). 

(E) Calcium measurements 

The intracellular Ca 2+ concentration ([Ca 2+ ]0 was determined by dual wavelength fura-2 
fluorescence ratio measurements (Tsien, R.Y. (1988) Trends Neurosci. 11, 419-424) using a 
digital imaging system (T.LL.L. Photonics, Planegg, Germany). HEK cells were grown in 
minimal essential medium in the presence of 10 % fetal calf serum and cotransfected with the 
pcDNA3-TRP8b vector and the pCDNA3-GFPvector as described above (B). Transfected 
cells were detected by development of green fluorescence. The cells were loaded with 4\xM 
fara-2/AM (Molecular Probes, Oregon, USA) for one hour. After loading the cells were 
rinsed 3 times with buffer Bl (10 mM Hepes, 115 mM NaCl, 2 mM MgCl 2 , 5mM KC1, pH 
7.4) and the [Ca 2+ ]i was calculated from the fluorescence ratios obtained at 340 and 380 nm 
excitation wavelengths as described (Garcia, D.E., Cavalie, A and Lux, H.D. (1994) J. 
Neurosci 14, 545-553). 

(F) Electrophysiological recordings 

HEK cells were transfected with the eucaryotic expression plasmid pdiTRP8 described in (B) 
and electrophysiolocigal recordings were carried out one day after transfection. Single cells 
were voltage clamped in the whole cell mode of the patch clamp technique as described 
(Hamill, O.P., Marty, A., Neher, E., Sakmann, B. and Sigworth, FJ. (1981) Pflugers Arch. 
391, 85-100; Philipp, S., Cavalie, A., Freichel, M., Wissenbach, U., Zimmer, S., Trost, C, 
Marquart, A., Murakami, M. and Flockerzi, V. (1996) EMBO J. 6166-6171). The pipette 
solution contained contained (mM): 140 aspartic acid, 10 EGTA, 10 NaCl, 1 MgC12, 10 
Hepes (pH 7.2 with CsOH) or 125 CsCl, 10 EGTA, 4 CaCl 2 10 Hepes (pH 7,2 with CsOH). 
The bath solution contained (mM): 100 NaCl, 10 CsCl, 2 MgCl 2 , 50 mannitol, 10 glucose, 20 
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Hepes (pH 7,4 with CsOH) and 2 CaCl 2 , or no added CaCi 2 (-Ca 2+ solution). Divalent free 
bath solution contained (mM): 110 N-methyl-D-glucamine (NMDG). Whole cell currents 
were recorded during 100 msec voltage ramps from -100 to +100 mV at varying holding 
potentials. 

(G) In Situ Hybridization 

In situ hybridizations were carried out using formalin fixed tissue slices of 6 - 8 |xM thickness. 
The slices were hydrated and incubated in the presence of PBS buffer including 10 jig / ml 
proteinase K (Roche Diagnostics, Mannheim, Germany) for 0.5 h. The slices were hybridized 
at 37°C using biotinylated deoxy-oligonucleotides (0.5 pmol / |il) in the presence of 33 % 
formamide for 12 h. Furthermore the slices were several times rinsed with 2 x SSC and 
incubated at 25°C for 0.5 h with avidin / biotinylated horse raddish peroxidase complex 
(ABC, DAKO, Santa Barbara, USA). After several washes with PBS buffer the slices were 
incubated in the presence of biotinylated tyramid and peroxide (0.15 % w/v) for 10 min, 
rinsed with PBS buffer and additionally incubated with ABC complex for 0.5 h. The slices 
were washed with PBS buffer and incubated in the presence of DAB solution 
(diaminobenzidine (50^ig / ml), 50 mM Tris/EDTA buffer pH 8.4, 0.15 % H 2 0 2 in N,N - 
dimethyl-formamide; Merck, Darmstadt, Germany), The detection was stopped after 4 
minutes by incubating the slides in water. Tyramid was biotinylated by incubating NHS-LC 
Biotin (sulfosucxinimidyl-6-(biotinimid)-hexanoat), 2.5 mg / ml; Pierce, Rockford, USA) and 
tyramin-HCl (0.75 mg / ml, Sigma) in 25 mM borate buffer pH 8.5 for 12 h; The tyramid 
solution was diluted 1 - 5 : 1000 in PBS buffer. 

(EE) GenBank accession numbers: TRP8a, Aj243500; TRP8b AJ243501 
Example 2: Expression of TRP8 transcripts 

In search of proteins distantly related to the TRP family of ion channels, an human expressed 
sequence tag (EST, GenBank accession number 1404042) was identified in the GenBank 
database using BLAST programms (at the National Center for Biotechnology Information 
(NCBI); Altschul, S.F., Gish, W., Miller, W., Myers, E.W. and Lipman, D.JJ. (1990) Mol. 
Biol. 5, 403-410) being slightly homologous to the VR1 gene. Several human placenta cDNA 
libraries were constructed and screeened with this EST DNA as probe. Several full length 
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cDNA clones were identified and isolated. The full length cDNA clones encoded two putative 
proteins differing in three amino acids and were termed Trp8a and Trp8b (Fig. lc, 2a, 7 and 
8A). This finding was reproduced by isolating cDNA clones from two cDNA libraries 
constructed from two individual placentas. The derived protein sequence(s) comprises six 
transmembrane domains, a characteristic overall feature of trp channels and related proteins 
(Fig.: lb). The sequence is closely related to the meanwhile published calcium uptake 
transport protein 1 (CaTl), isolated from rat intestine (Peng, IB., Chen, X.Z., Berger, U.V., 
Vassilev, P.M., Tsukaguchi, H., Brown, EM. and Hediger MA(1999) J Biol Chem. 6;274, 
22739-22746) and to the epithelial calcium uptake channel (ECaC) isolated from rabbit 
kidney (Hoenderop, J.G., van der Kemp, A.W., Hartog, A., van de Graa£ S.F., van Os, C.H., 
Willems, P.H. and Bindels, RJ. (1999) J Biol Chem. 26;274, 8375-8378). Expression of 
T^p8a^ transcripts are detectable in human placenta, pancreas and prostate (Fig.: 5) and the 
size of the Northern signal (3.0 kb) corresponds with the size of the isolated full length 
cDNAs. In addition, a shorter transcript of 1.8 kb, probably a splice variant, is detectable in 
human testis. The Trp8 mRNA is not expressed in small intestine or colon (Fig.: 5) 
implicating that Trp8 is not the human ortholog of the rat CaTl or rabbit ECaC proteins. To 
investigate whether there are other related sequences Trp8aft derived primers (UW241, 5'- 
TAT GAG GGT TCA GAC TGC-3' and UW242, 5'-CAA AGT AGA TGA GGT TGC-3') 
were used to amplify a 105 bp fragment from human genomic DNA being 95% identical on 
the nucleotide level to the Trp8 sequence (data not shown). This indicates the existence of 
several similar sequences in humans at least at the genomic level. 

Example 3: Two variants of the Trp8 protein (Trp8a and Trp8b) arise by polymorphism 

Two variants of the Trp8 cDNA were isolated from human placenta (Fig.: 2A, 7 and 8 A) 
which encoded two proteins which differ in three amino acids and were termed Trp8a and 
Trp8b. Trp8aft specific primers were designed to amplify a DNA fragment of 458 bp of the 
Trp8 gene from genomic DNA isolated from human T-lymphocytes (primer pair: UW243, 5'- 
CAC CAT GTG CTG CAT CTA CC-3' and UW244, 5'-CAA TGA CAG TCA CCA GCT 
CC-3'). The amplification product contains a part of the sequence where the derived protein 
sequence of Trp8a comprises the amino acid valine and the Trp8b sequence methionine as 
well as a silent base pair exchange (g versus a) and an intron of 303bp (Fig.: 2.A, B). Both 
variants of the Trp8 genes (a,b) were amplified from genomic DNA in equal amounts 
indicating the existence of both variants in the human genome and therefore being not the 
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result of RNA editing (Fig.: 2B). The Trp8a gene can be distinguished from the Trp8b gene 
by cutting the genomic fragment of 458bp with the restriction enzyme Bspl286I (Fig. 2B). 
Using human genomic DNA isolated from blood of twelve human subjects as template, the 
458bp fragment was amplified and restricted with BSP 12861. In eleven of the tested subjects 
only the Trp8b gene is detectable, while one subject (7) contains Trp8a and Trp8b genes (Fig.: 
2D). These implicates that the two Trp8 variants arise by polymorphism and do not represent 
individual genes. Using Trp8 specific primers and chromosomal DNA as template, the Trp8 
locus is detectable on chromosome 7 (Fig.: 2C). 

Example 4: Trp8b is a calcium permeable channel 

The protein coding sequence of the Trp8b cDNA was subcloned into pcDNA3 vector 
(Invitrogen, Groningen, Netherlands) under the control of the cytomegalovirus promotor 
(CMV). Human embryonic kidney (HEK 293) cells were cotransfected with the Trp8b 
pcDNA3 construct (pcDNA3-Trp8b vector) and the pcDNA3 -GFPvector encoding the green 
fluorescent protein (GFP) in 4:1 ratio. The Trp8b cDNA and the cDNA of the reporter, GFP, 
was transiently expressed in human embryonic kidney (HEK 293) cells. The intracellular Ca 2+ 
concentration ([Ca 24 ]0 and changes of [Ca 2+ ]i were determined by dual wavelength fiira-2 
fluorescence ratio measurements (Fig.: 3F) in cotransfected cells which were identified by the 
green fluorescence of the reporter gene GFP. 

Dual wavelength fura-2 fluorescence ratio measurement is a standard procedure (e.g. in: An 
introduction of Molecular Neurobiology (ed. Hall, Z.W.)Sinauer Associates, Sunderland, 
USA (1992)) using fura-2, which is a fluorescent Ca 2+ sensitive dye and which was designed 
by R.Y.Tsien (e.g. Trends Neurosci. 11, 419-424 (1988) based upon the structure of EGTA 
Its fluorescence emission spectrum is altered by binding to Ca 2+ in the physiological 
concentration range. In the absence of Ca 2+ , fura-2 fluoresces most strongly at an excitation 
wavelength of 385 nm; when it binds Ca 2+ , the most effective excitation wavelength shifts to 
345 nm. This property is used to measure local Ca 2+ concentrations within cells. Cells can be 
loaded with fura-2 esters (e.g fura-2AM) that diffuse across cell membranes and are 
hydrolyzed to active fura-2 by cytosolic esterases. 

In the presence of ImM Ca 2+ , Trp8 expressing cells typically contained more than 300 nM 
cytosolic Ca 2+ , while non transfected controls contained less than 100 nM Ca 2+ ions (Fig. 3F). 



27 



WO 02/010382 PCT/EP01/08309 

When Trp8b transfected cells were incubated without extracellular Ca 2+ , the intracellular Ca 2+ 
concentration ([Ca 2+ ]0 decreased to levels comparable to non transfected cells. Readdition of 
ImM Ca 2+ to the bath resulted in significant increase of the cytosolic [Ca 24 ] in Trp8b 
transfected cells, but not in controls (Fig.: 3F). After readdition of Ca 2+ ions to the bath 
solution, the cytosolic Ca 2+ concentration remains on a high steady state level in the Trp8b 
transfected cells. 

Example 5: Trp8 expressing cells show calcium selective inward currents 

To characterize in detail the electrophysiological properties of TRP8, TRP8 and GFP were 
coexpressed in HEK293 cells using the dicistronic expression vector pdiTRP8 and measured 
currents using the patch clamp technique in the whole cell mode (Hamill, O.P., Marty, A., 
Neher, E., Sakmann, B. and Sigworth, FJ. (1981) Pflugers Arch., 391, 85-100). 

The eucaryotic expression plasmid pdiTRP8 contains the cDNA of Trp8b under the control of 
the chicken G-actin promoter followed by an internal ribosome entry side (IRES) and the 
cDNA of the green fluorescent protein (GFP). To obtain pdiTRP8 carrying the entire protein 
coding regions of TRP8b and the GFP (Prasher, D.C. et al. (1992), Gene 111, 229-233), the 
5' and 3 '-untranslated sequences of the TRP8b cDNA were removed, the consensus sequence 
for initiation of translation in vertebrates (Kozak, M. (1987) Nucleic Acids ResearchlS, 8125- 
8148) was introduced immediately 5" of the translation initiation codon and the resulting 
cDNA was subcloned into the pCAGGS vector (Niwa, H., Yamamura, K. and Miyazaki, J 
(1991), Gene 8, 193-199) downstream of the chicken p-actin promotor. The IRES derived 
from encephalmyocarditis virus (Kim, D.G., Kang, H.M., Jang, S.K. and Shin H.S. (1992) 
Mol.Cell.Biol. 12, 3636-3643) followed by the GFP cDNA containing a Ser65Thr mutation 
(Heim, R., Cubitt, A.B., Tsien, RY. (1995) Nature 373, 663-664) was then cloned 3 y to the 
TRP8b cDNA. The IRES sequence allows the simultaneous translation of TRP8b and GFP 
from one transcript. Thus, transfected cells can be detected unequivocally by the development 
of green fluorescence. 

In the presence of 2 mM external calcium, Trp8b transfected HEK cells show inwardly 
rectifying currents, the size of which depends on the level of intracellular calcium and the 
electrochemical driving force. The resting membrane potential was held either at -40 mV, or, 
to lower the driving force for calcium influx in between pulses, at + 70 mV. Current traces 
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were recorded in response to voltage ramps from -100 to +100 mV, that were applied every 
second. To monitor inward and outward currents over time, we analyzed the current size at - 
80 and + 80 mV of the ramps. Figure 3A shows a representative trace of the current at - 80 
mV over time. Both at a holding potential of -40 mV or at +70 mV, the currents are 
significantly larger than in cells transfected with only the GFP containing vector (Fig.: 3E). 
Interestingly, after changing to a positive holding potential, current size in Trp8 transfected 
cells slowly increases and reaches steady state after approximately 70 seconds (Fig.: 3 A). To 
determine the selectivity of the induced currents, we then perfused the cells with solutions that 
either contain no sodium, no added Ca 2+ (Fig. 3 A, C) or a sodium containing, but divalent ion 
free bath solution. To control for the effect of the solution change alone, we also perfused 
with normal bath (see puff in Fig. 3A). While removal of external Ca 2+ completely abolishes 
the tip 8 induced currents - the remaining current being identical in size and shape to the 
control (Fig.: 3 A, C, E), removal of external sodium has no effect (Fig.: 3E). An important 
hallmark of calcium selective channels (e.g. Vennekens, R., Hoenderop, G.J., Prenen, J., 
Stuiover, M., Willems, PHGM, Droogmans, G., Nilius, B.and Bindels, RJ.M (1999) J. Biol. 
Chem. 275, 3963-3969), is their ability to conduct sodium only if all external divalent ions, 
namely Ca 2+ and magnesium are removed. To test whether the trp 8 channel conforms with 
this phenomenon normal bath solution was switched to a solution containing only sodium and 
1 mM EGTA As can be seen in Figure 3B and D, Trp8 transfected cells can now conduct 
very large sodium currents. Interestingly, immediately after the solution change, the currents 
first become smaller before increasing rapidly, indicating that the pore may initially still be 
blocked by calcium a phenomenon usually called anomalous mole fraction behaviour 
(Warnat, J., Philipp, S., Zimmer, S.,.Flockerzi, V., and Cavalie A.(1999) J.Physiol. (Lond) 
518, 631-638). The measured outward currents of Trp8 transfected cells in normal bath 
solution are not significantly different from non-transfected control cells or cells which only 
express the reporter gene GFP. As the removal of external Ca 2+ abolishes the Trp8 specific 
current, the remaining current was subtracted from the current before the solution change to 
obtain the uncontaminated Trp8 conductance (see inset in Fig.: 3C). As expected from the 
given ionic conditions (high EGTA inside, 2 mM Ca 2+ outside), the current-voltage 
relationship now shows prominent inward rectification with little to no outward current. 

Both the time course of the development of Trp8 currents and the size of the currents depend 
on the frequency of stimulation (data not shown), the internal and external Ca 2+ concentration 
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and the resting membrane potential, suggesting that Trp8 calcium conductance is intrically 
regulated by a Ca 2+ mediated feedback mechanisms. 

Example 6: Ca 2+ / calmodulin binds to the C-terminus of the Trp8 protein 

To test whether calmodulin, a prime mediator of calcium regulated feedback, is involved, first 
it was investigated biochemically whether Trp8 protein can bind calmodulin. Trp8 cDNA was 
in vitro translated in the presence of 35 S-methionine and the product incubated with 
calmodulin-agarose beads. After several washes either in the presence or abscence of Ca 2+ , 
the beads were incubated in Laemmli buffer and subjected to SDS-polyacrylamide gel 
electrophoresis. In the presence of Ca 2+ (ImM), but not in the absence of Ca 2+ , Trp8 protein 
binds to calmodulin (Fig.: 4B). 

To narrow down the binding site, two approaches were undertaken: Firstly, GST-TRP8 
fusion proteins of various intracellular domains of Trp8 were constructed, expressed in E. coli 
and bound to gjuthathione sepharose beads. These beads were then incubated with in vitro 
translated 35 S- labeled calmodulin, washed and subjected to gel electrophoresis. Secondly, 
truncated versions of in vitro translated Trp8 protein were used in the above described binding 
to calmodulin-agarose. As shown in Figure 4A, and C, fusion proteins of the N-terminal 
region (Nl, N2) of Trp8 did not bind calmodulin, while C-terminal fragments (CI, C2, C3, 
C4) showed calmodulin binding in the presence of calcium (for localization of fragments 
within the entire Trp8 protein see Fig. 4C). Accordingly, a truncated version of in vitro 
translated Trp8, which lacks the C-terminal 32 amino acid residues did not bind to 
calmodulin-agarose (4B). We have restricted the calmodulin binding site to amino acid 
residues 691 to 711 of the Trp8 protein. This calmodulin binding site does not resemble the 
typical conserved IQ - motif of conventional myosins, but has limited sequence homology to 
the calcium dependent calmodulin binding site 1 of the transient receptor potential like (trpl) 
protein of Drosophila melanogaster (Warr and Kelly, 1996) with several charged amino acid 
residues conserved. The sequence of the calmodulin binding site of the Trp8 protein 
resembles a putative amphipathic a-helical wheel structure with a charged and a hydrophobic 
site according to a model proposed by Erickson-Vitanen and De Grado (1987, Methods 
Enzymol. 139, 455-478.). 



30 



WO 02/010382 



PCT/EP01/08309 



Example 7: Expression of Trp8 transcripts in human placenta and pancreas 

Several slides from a human placenta of a ten week old abort were used for in situ 
hybridization experiments. The in situ hybridization experiments revealed expression of Trp8 
transcripts in human placenta (Fig.: 5B). Expression was detectable in trophoblasts and 
syncytiotrophoblasts of the placenta, but not in Langhans cells. 

Trp8 transcripts are detectable in human pancreas (Fig.: 5 A). Therefore Trp8 probes were 
hybridized to tissue sections of human pancreas. The pancreatic tissues were removed from 
patients with pancreas cancer. Trp8 expression is detectable in pancreatic acinar cells, but not 
in Langerhans islets (Fig.: 5C). No Trp8 expression was found in regions of pancreatic 
carcinomas (data not shown). 

Furthermore, the Trp8 cDNA is not detectable in human colon nor in human kidney by in situ 
hybridization as well as by Northern analysis (Fig.: 5 A, D). The Northern results taken 
together with the in situ expression data indicate that the Trp8 protein is not the human 
ortholog of the CaTl and ECaC channels cloned from rat intestine (Peng, J.B., Chen, X.Z., 
Berger, U.V., Vassilev, P.M., Tsukaguchi, H., Brown, E.M. and Hediger M.A(1999) J Biol 
Chem. 6;274, 22739-22746) and from rabbit kidney (Hoenderop, J.G., van der Kemp, A.W., 
Hartog, A., van de Graa£ S.F., van Os, C.H., Willems, P.H. and Bindels, R.J. (1999) J Biol 
Chem. 26;274, 8375-8378), respectively. Trp8 is unlikely to represent the human version of 
CaTl as its expression is undetectable in the small intestine and colon tissues where CaTl is 
abundantly expressed. I£ however, Trp8 is the human version of- rat CaTl, a second gene 
product appears to be required for Ca 2+ uptake in human small intestine and colon attributed 
to CaTl in rat small intestine and colon. 

Example 8: Differential expression of Trp8 transcripts in benign and malign tissue of 
the prostate 

The Trp8 transcripts are expressed in human prostate as shown by hybridization of a Trp8 
probe to a commercial Northern blot (Clontech, Palo Alto, USA) (Fig.: 5 A). Trp8 transcripts 
were not detectable by Northern blot analysis using pooled mRNA of patients with benign 
prostatic hyperplasia (BPH) (Fig.: 5 A, prostate*). To examine Trp8 expression on the cellular 
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level, sections of prostate tissues were hybridized using Trp8 specific cDNA probes (Table 3). 
Expression of Trp8 transcripts is not detectable in normal prostate (n = 3), benign hyperplasia 
(BPH, n = 15) or prostatic intraepithelial neoplasia (PIN, n = 9) (Fig.: 6A, C, E). Trp8 
transcripts were only detectable in prostate carcinoma (PCA), although with different 
expression levels. Low expression levels were found in primary carcinomas (2 - 10 % of the 
carcinoma cells, n = 8) (Fig.: 7B) . Much stronger expression was detectable in rezidive 
carcinoma (10 - 60 %) (Fig.: 7D, n = 6) and metastases of the prostate (60 - 90 %, n = 4) 
(Fig.: 7F). Thus it has to be concluded that the commercial Northern blot used in Fig.: 5 A 
contains not only normal prostate mRNA as indicated by the distributor. According to the 
distributors instructions the prostate mRNA used for this Northern blot was collected from 15 
human subjects in the range of 14 to 60 years of age. This prostate tissue was not examined 
by pathologic means. Since Trp8 expression is not detectable in normal or benign prostate, 
this finding implicates that the mRNA used for this Northern blot was extracted in part from 
prostatic carcinoma tissue. To summarize, Trp8 expression is only detectable in malign 
prostate and, thus, the Trp8 cDNA is a marker for prostate carcinoma. The results are 
summarized in Table 4. 

Table 3 

Trp8 probes used for in situ hybridization: 
Probes (antisense) 

1. ) 5' TCCGCTGCCGGTTGAGATCTTGCC 3' 

2. ) 5' CTTGCTCCATAGGCAGAGAATTAG 3' 

3. ) 5' ATCCTCAGAGCCCCGGGTGTGGAA3 ' 

Controls (sense) 

1. ) 5 s GGCAAGATCTCAACCGGCAGCGGA 3' 

2. ) 5' CTAATTCTCTGCCTATGGAGCAAG 3 5 

3. ) 5' TTCCACACCCGGGGCTCTGAGGAT 3' 



Table 4 

Prostate total negative positive 

normal 3 3 0 

BPH 15 15 0 

PIN 9 9 0 
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carcinoma 18 1 17 



(B) Differential expression of Trp8 transcripts in benign and malign tissue of the uterus 

Moreover it could be shown that Trp8 is expresed in endometrial cancer (also called cancer of 
the uterus, to be distinguished from uterine sarcoma or cancer of the cervix) whereas no 
expression was observed in normal uterus tissue. Thus, Trp8 also is a specific marker for the 
diagnosis of the above cancer (Fig. 12). 

Example 9: Characterization of Trp9 

The complete protein coding sequence of Trp9 was determined (Fig. 9). Tip 9 transcripts are 
predominantly expressed in the human prostate and in human colon. As it could be shown by 
Northern blot analysis, there is no difference of the expression of TRP9 in benigne prostata 
hyperplasia (BPH, Fig. 13, upper panel left) or prostate carcinoma (Fig. 13, upper panel 
right). However, Trp9 is useful as a reference marker for prostata carcinoma, i.e. can be used 
for quantifying the expression level of Trp8. The ratio of the expression of Trp8:Trp9 in 
patients and healthy individuals is useful for the development of a quantitative assay. 



Example 10: Characterization of TrplO 

The complete protein coding sequence of TRP10 (a and b) was determined by biocomputing 
(Fig. 10 and 11). Using a 235 bp fragment of the TrplO cDNA as probe in Northern blot 
analysis TRP10 transcripts could only be detected in mRNA isolated from individuals with 
prostate cancer (Fig. 13, bottom panel) but not in mRNA isolated from benign tissue of the 
prostate (prostate BPH) nor in mRNA isolated from heart, brain, placenta, lung, liver, skeletal 
muscle, kidney and pancreas. The 235 bp cDNA fragment of the TrplO cDNA was amplified 
using the primer pair UW248 5'-ACA GCT GCT GGT CTA TTC C-3' and UW249 5'-TAT 
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GTG CCT TGG TTT GTA CC-3' and prostate cDNA as template. In summary, TrplOa and 
TrplOb , like TRP8 are also expressed in malignant prostate tissue. So far, its expression 
could not be observed in any other tissue examined (see above). Thus, Trp 10a and TrplOb 
are also useful markers which are specific for malignant prostate tissue. 

Furthermore, database searches in public databases of the national center for biological 
information (NCBI) revealed the existence of several expressed sequence tags (EST clones) 
being in part identical to the Trp 10 sequence. These EST clones were originally isolated from 
cancer tissues of lung, placenta, prostate and from melanoma. These clones include the 
clones with the following accession numbers: BE274448, BE408880, BE207083, BE791173, 
AI671853, BE390627. The results demonstrate that cancer cells of these tissues express 
TrplO related transcripts whereas no expression of TrplO transcripts in the corresponding 
healthy tissues are detectable (Figure 13). Furthermore, it could be shown that in cancer cells 
of melanoma and prostate cancer TrplO transcripts are expressed as shown by in situ 
hybridizations using 4 antisense probes (Figure 14A - E and 13K-0 and Table 2, above). 
Furthermore, it could clearly be shown that cancer cells of these tissues expressing TrplO 
transcripts also express TrplO-antisense transcripts as shown in Figure 14F-J, Figure 14P-R 
and Figurel4T by in situ hybridizations using 4 sense probes (Table 2, above). The in situ 
hybridization experiments demonstrate that detection of a subset of cancer cells derived from 
carcinoma of lung, placenta, prostate and melanoma is feasible using antisense as well as 
sense probes complementary to TrplO transcripts or complementary to TrplO-antisense 
transcripts, respectively. 

The foregoing is meant to illustrate but not to limit the scope of the invention. The person 
skilled in the art can readily envision and produce further embodiment, based on the above 
teachings, without undue experimentation. 
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What Is claimed Is: 

1. An isolated nucleic acid molecule encoding the human prostate carcinoma associated 
protein Trp8a, Trp8b, Trp9, TrplOa or TrplOb or a protein exhibiting biological properties 
of Trp8a, Trp8b, Trp9, TrplOa or TrplOb and being selected from the group consisting of 

(a) a nucleic acid molecule encoding a protein that comprises the amino acid sequence 
depicted in Figure 7, 8A, 9, 10 or 1 1; 

(b) a nucleic acid molecule comprising the nucleotide sequence depicted in Figure 7, 8A, 
9, 10 or 11; 

(c) a nucleic acid molecule included in DSMZ Deposit No. DSM 13579, DSM 13580, DSM 
13584 , DSM 13581 or DSM....; 

(d) a nucleic acid molecule which hybridizes to a nucleic acid molecule specified in (a) to (c); 

(e) a nucleic acid molecule the nucleic acid sequence of which deviates from the nucleic 
sequences specified in (a) to (d) due to the degeneration of the genetic code; and 

(f) a nucleic acid molecule, which represents a fragment, derivative or allelic variation of a 
nucleic acid sequence specified in (a) to (e). 

2. A recombinant vector containing the nucleic acid molecule of claim 1 

3. The recombinant vector of claim 2 wherein the nucleic acid molecule is operatively linked 
to regulatory elements allowing transcription and synthesis of a translatable RNA in 
prokaryotic and/or eukaryotic host cells. 

4. A recombinant host cell which contains the recombinant vector of claim 3. 

5. The recombinant host cell of claim 4, which is a mammalian cell, a bacterial cell, an insect 
cell or a yeast cell. 

6. An isolated protein exhibiting biological properties of the human prostate carcinoma 
associated protein Trp8a, Trp8b, Trp9, TrplOa or TrplOb which is encoded by a nucleic acid 
molecule of claim 1. 

7. A recombinant host cell that expresses the isolated protein of claim 6. 
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8. A method of making an isolated protein exhibiting biological properties of the human 
prostate carcinoma associated protein Trp8a, Trp8b, Trp9 5 TrplOa or TrplOb comprising: 

(a) culturing the recombinant host cell of claim 6 under conditions such that said protein is 
expressed; and 

(b) recovering said protein. 

9. The protein produced by the method of claim 8. 

10. An antisense RNA sequence characterized in that it is complementary to an mKNA 
transcribed from a nucleic acid molecule of claim 1 or a part thereof and can selectively bind 
to said mRNA or part thereof said sequence being capable of inhibiting the synthesis of the 
protein encoded by said nucleic acid molecule. 

11. A ribozyme characterized in that it is complementary to an mRNA transcribed from a 
nucleic acid molecule of claim 1 or a part thereof and can selectively bind to and cleave said 
mRNA or part thereof thus inhibiting the synthesis of the protein encoded by said nucleic 
acid molecule. 

12. An inhibitor characterized in that it can suppress the activity of the protein of claim 6. 

13 . A method for diagnosing a prostate carcinoma which comprises contacting a target 
sample suspected to contain the protein Trp8a, Trp8b, TrplOa and/or TrplOb or the Trp8a, 
Trp8b, TrplOa and/or TrplOb encoding mRNA with a reagent which reacts with Trp8a, 
Trp8b, TrplOa and/or TrplOb or the Trp8a, Trp8b, TrplOa and/or TrplOb encoding mRNA 
and detecting Trp8a, Trp8b, TrplOa and/or TrplOb or the Trp8a, Trp8b, TrplOa and/or 
TrplOb encoding mRNA. 

14. The method of claim 13, wherein the reagent is a nucleic acid. 

15. The method of claim 13, wherein the reagent is an antibody. 

16. The method of claim 13, wherein the reagent is detectably labeled. 
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17. The method of claim 16, wherein the label is selected from the group consisting of a 
radioisotope, a bioluminescent compound, a chemiluminescent compound, a fluorescent 
compound, a metal chelate, or an enzyme. 

18. A method for diagnosing an endometrial cancer (carcinoma of the uterus) which 
comprises contacting a target sample suspected to contain the protein Trp8a and/or Trp8b or 
the Trp8a and/or Trp8b encoding mRNA with a reagent which reacts with Trp8a and/or Trp8b 
or the Trp8a and/or Trp8a and/or trp8b encoding mRNA and detecting Trp8a and/or Trp8b or 
the Trp8a and/or Trp8b encoding mRNA 

19. The method of claim 18, wherein the reagent is a nucleic acid. 

20. The method of claim 18, wherein the reagent is an antibody. 

21. The method of claim 18, wherein the reagent is detectably labeled. 

22. The method of claim 21, wherein the label is selected from the group consisting of a 
radioisotope, a bioluminescent compound, a chemiluminescent compound, a fluorescent 
compound, a metal chelate, or an enzyme. 

23. A method for diagnosing a melanoma, chorion carcinoma, cancer of the lung and of the 
prostate in a tissue of a subject, comprising contacting a sample with a reagent which detects 
TrplOa and/or TrplOb antisense RNA or TrplOa and/or TrplOb related antisense RNA 

24. A method for preventing, treating, or ameliorating a prostate tumor, endometrial cancer 
(carcinoma of the uterus) tumor, a chorion carcinoma, cancer of the lung or melanoma, which 
comprises administering to a mammalian subject a therapeutically effective amount of a 
reagent which decreases or inhibits expression of Trp8a, Trp8b, TrplOa and/or TrplOb and/or 
the activity of Trp8a, Trp8b, TrplOa and/or TrplOb. 

25. The method of claim 24, wherein the reagent is a nucleotide sequence comprising an 
antisense RNA 
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26. The method of claim 24, wherein the reagent is a nucleotide sequence comprising a 
ribozyme. 



27. The method of claim 24, wherein the reagent is an inhibitor of Trp8a, Trp8b, TrplOa 
and/or TrplOb. 

28. The method of claim 27, wherein the reagent is an anti-Trp8a-, anti Trp8b-, anti-TrplOa- 
and/or anti-Tip 10b antibody or a fragment thereof. 

29. A diagnostic kit useful for the detection of Trp8a, Trp8b, TrplOa and/or TrplOb or Trp8a, 
Trp8b, TrplOa and/or TrplOb encoding mKNA or TrplOa and/or TrplOb antisense transcripts 
in a sample, wherein the presence of an increased concentration of Trp8a, Trp8b, Trp9, 
TrplOa and/or TrplOb or Trp8a, Trp8b, Trp9, TrplOa and/or TrplOb encoding mRNA or 
TrplOa and/or TrplOb antisense transcripts is indicative for a prostate tumor, endometrial 
cancer (cancer of the uterus) tumor, a chorion carcinoma, cancer of the lung or melanoma, 
said kit comprising a probe for detection of Trp8a, Trp8b, Trp9, TrplOa or TrplOb or Trp8a, 
Trp8b, Trp9, TrplOa and/or TrplOb encoding mRNA or TrplOa and/or TrplOb antisense 
transcripts. 

30. The kit of claim 29, wherein the target component to be detected is Trp8a, Trp8b, Trp9, 
TrplOa and/or TrplOb and the probe is an antibody. 

31. A method for identifying a compound which acts as an agonist or antagonist on the ion 
channels Trp8, Trp9 and/or TrplO, said method comprising contacting a test compound 
with the ion channel Trp8, Trp9 and/or Trpl0,and determining whether said test compound 
affects the calcium uptake. 
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Fig. 1C 
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Figs. 2C and 2D 
C Chromosome 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1$ 17 18 19 20 21 22 X Y + - 




D Genotype 



1 2 3 4 5 6 7 8 9 10 11 12 




_Q .Q -Q «Q .fi -Q ,fii2£JQI}II 
CO 



SUBSTITUTE SHEET (RULE 26) 



WO 02/010382 



5/40 



PCT/EP01/08309 



.3A-3F 



A 

-40 mV +70 mV 



B 



-Ca' 



2+ 



0 Div 



I E 



^3 C 




50 sec 



20 sec 







3 


■^50^^ 


50 mV 




/s " a6 ' 








-50^ 








y^- 0.4- 




V 


-1.0- 


/ -0.8- 








-1.2- 


nA 


2 


-1.5- 







3^ 






1 1 








2nA 
















-40+70 mV 
-Na -Ca ODiv 



-Ca 2 * +Ca 



2+ 




% increase 
2001 




0 20 31 35 
[minj 



SUBSTITUTE SHEET (RULE 26) 



6/40 



PCT/EP01/08309 




SUBSTITUTE SHEET (RULE 26) 



WO 02/010382 



7/40 



PCT/EPOl/08309 




UQ eia s 
SDej ouo a 

JQAI, 

***** 



bb 



I 

CO 



SUBSTITUTE SHEET (RULE 26) 



WO 02/010382 PCT/EP01/08309 

8/40 




SUBSTITUTE SHEET (RULE 26) 



9/40 



PCT/EP01/08309 




SUBSTITUTE SHEET (RULE 26) 



WO 02/010382 



10/40 



PCT/EP01/08309 




SUBSTITUTE SHEET (RULE 26) 



WO 02/010382 



11/40 



PCT/EP01/08309 



10 30 50 

GCCAAGTGTAACAAACTCACAGCCCTCTCCAAACTGGCTGGGGCTGCTGGGAGACTCCCA 

70 90 HO 

AGGAACTCGTCAGGAAGGCAGGAGACAGGAGACGGGACCTCTACAGGGAGACGGTGGGCC 

130 150 170 

GGCCCTTGGGGGGGCTGATGTGGCCCCAAGGCTGAGTCCCGTCAGGGTCTGGCCTCGGCC 

190 210 230 

TCAGGCCCCCAAGGAGCCGGCCCTACACCCCATGGGTTTGTCACTGCCCAAGGAGAAAGG 

NGLSLPKEKG 
250 270 290 

9 * ^ GCTAATTCTCTGCCTATGGAGCAAGTTCTGCAGATGGTTCCAGAGACGGGAGTCCTGGGC 
LILCLWSKFCRWFQRRESWA 
310 330 350 

CCAG AGCCGAG ATGAGCAGAACCTGCTGCAGC AGAAGAG G ATCTGGGAGTCT C CT CT CCT 
QSRDEQ NLLQQKRIWESPLL 

370 390 410 

TCTAGCTGCCAAAGATAATGATGTCCAGGCCCTGAACAAGTTGCTCAAGTATGAGGATTG 
L A A K DN DVQA LNK LLK Y E D C 
430 450 470 

CAAGGTG CACCAGAGAGGAGCCATGGGGG AAACAGCG CTACACAT AGCAG CCCTCTATG A 
KVHQRGAMGETALHIAALYD 

490 510 530 

CAACCTGG^GGCCGCCATGGTGCTGATGGAGGCTGCCCCGGAGCTGGTCTTTGAGCCCAT 
NLEAA MVLMEAAPELVFE P M 
550 570 590 

GACATCTGAGCTCTATG^GGGTCAGACTGCACTGCACATCGCTGTTGTGAACCAGAACAT 
TSELYEGQTALHIAVVNQNM 

610 630 650 

GAACCTGGTGCGAGCCCTGCTTGCC(XCAGGGCX^GTGTCTCTGCCAGAGCCAC^GGCAC 
KLVRALLARRASV SARATGT 
670 690 710 

TGCCTTCCGCCGTAGTCCCCGCAACCTCATCTACOTTGGGGAGC^CCCTTTGTCCTTTGC 
AFRRS PRNLIYFGE HPLS FA 
730 750 770 

TGCCTGTCTGAACAGTGAGGAGATCGTGCGGCTGCTCATTGAGCATGGAGCTGACATCCG 
A CVN S E E XVRLL I E H G AD I R 
790 810 830 

GGCCCAGGACTCCXITGGGAAACACAGTGTTACACA 
AQDSLGNTVLHILILQPNKT 
850 870 890 

CTTTGCCTGCCAGATGTACAACCTGTTGCTGTCCTACGACAGACATGGGG^ 
FACQM YNLLLSYDRHGDHLQ 
910 930 950 

GCCCCTGGACCTCGTGCCX^ATCACCAGGGTCTCACCCCTTTCAAGCTGGCTGGAGTGGA 
PLDLVPNHQGLTPFKLAGVE 
970 990 1010 

GGGTAACACTGTGATGTTTCAGCACCTGATGCAGAAGCGGAAGCACACCCAGTGGACGTA 
GNTVM FQHLMQKRKHTQW TY 
1030 1050 1070 

TGGAC^CTGACCTCGACTCTCTATGACCTCACAGAGATCGACrCCTCAGGGGATGAGCA 
GPLTSTLYDLTEIDSSGDEQ 

1090 1110 1130 

GTCCCTGCTGGAACTTATCATCACCACCAAGAAGCGGGAGGCTCGCCAGATCCTGGACCA 

SLLELIITTKKREARQILDQ 

1150 1170 1190 

GACXSCCGGTGAAGGAGCTGGTGAGCCTCAAGTGGAAGCGGTACGGGCGGCCGTACTTCTG 
TPVKELVSLKWKRYGRPYFC 

1210 1230 1250 

CATGCTGGGTGCCATATATCTGCTGTACATpATCTGCTTCACCATGTGCTGCATCTACCG 

MLGAIYLLYIICFTMCCIYR 

1270 1290 1310 
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CCCCCTOU^CCCAGGACCAATAACrc 
PLKPRTNNRTSPR D N T L L Q Q 
1330 1350 1370 

GJ^GCrACTTCAGGAAGCCTACGTGACCCCTAAGGACG^^ 
KLLQEAYVTPKDDIRLVGEL 
1390 1410 1430 

GGTGACTGT CATTGGGSCIATCATCATCCTGCTGGTAGAGGTT CCAGACAT CTTCAGAAT 
VTVIGAII1LLVEVPDIFRM 
1450 1470 1490 

GGGGGTCACTCGCTTCTT^GGACAGACCATCC^ 
GVTRFFGQTILGGPFHVLII 
1510 1530 1550 

CACCTATGCCTTCATGGTGCTGGTGACCATGGTGATGCGGC^ 
TYAFMVLVTMVMRLISASGE 
1570 1590 1610 

GGrGGTACCCATGTCCTTTGCACTaSTGCTO 
VVFMSFALV LG WCNVMY FAR 
1630 1650 1670 

AGGATTCCAGATOCTAGGtCXr 
GFQMLGPFTIMIQKMI FGDL 
1690 1710 1730 

GATGCGATTCTGCTGGCTGATGGCTGTGGT 
MRFCWLMAVVILGFASAFYI 
1750 1770 1790 

C^TCTTCmGACAGAGGACCCCGAGG 
IFQTEDPEELGHFYDYPMAL. 
1810 1830 1850 

GTTCAGCACCTTCGAGCTGTTCCTTACCATCATCGATGGCCC^ 
FSTFELFLTIIDGPANYNVD 
1870 1890 1910 

CCTGCCCTTCATG^ACAGCATCACCTATGCTGCX?^ 
LPFMYSITYAAFAIIATLLM 
1930 1950 1970 

GCTCAACCTC^TCATTGCCATGATGGGCGACACTCACTGGCGAGTGGCCCATGAGCGGGA 
LNLLIAMMGDTHWRVAHERD 
1990 2010 2030 

TGAGCTGTGGAGGGCCCASATTGTGGCCACCAOGGTGATC 
E L WRAQ IVATTVMLERKL PR 
2050 2070 2090 

CTG<XrreTG<3CCrrCGCTCCGGGATCTGCGGACGGGAGTA 
CLWPRSGICGREYGLGDRWF 
2110 2130 2150 

CX^GCGCGTGGAAGACAGGCAAGATCTCAACCGG CAGCGGATC CAACG CTACGCACAGGC 
LRVE DRQDLNRQRIQRY A Q A 
2170 2190 2210 

CTTCCAC^CCCGGGGCTCTGAGGATTTGGACAAAGACTCAGTGGAAAAACrAGAGCTGGG 
FHTRGSEDLDKDS.VEKLELG 
2230 2250 2270 



CPFSPHLSLPTPSVSRSTSR 
2290 2310 2330 

CAG CAGTGCCAAT TGGGiVAAGGCTTCGGCAAGGGACCCTGAGGAGAGACCTGCGTGGGAT 
SSANWERLRQGTLRRDLRGI 

2350 2370 2390 

AATCAACAGGGGTCTGGAGGACGGGGAGAGCTGGGAATATCAGATCTGACTGCGTGTTCT 

INRGLEDGESWEYQI 

2410 2430 2450 

CACTTCGCTTCCTGGAACTTGCTCTCATT^ 

2470 2490 2510 

AACACC C AG AGGT CT CAT CT CCCAGGCCC CAGGGAG AAAGAGGAGT AGC ATGAACGCCAA 

2530 2550 2570 

GGAATGTACGTTGAGAATCACTGCTCCAGGOT 
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Fig. 7 / continuation 2 



2590 2610 2630 

GGAAGCCCAGCCCAAGCACGGGGCTGGCAGGGCGTGAGGAACTCTCCTGTGGCCTGCTCA 

2650 2670 2690 

TCACCCTTCCGACAGGAGCACTGCATC 

2710 2730 2750 

GGCCCTCGGTCTCCACCCCAGGGTCATAAGTGGGGAGAGAGCCCTTCCCAGGGCACCCAG 

2770 2790 2810 

GCAGGTGCAGGGAAGTGCAGAGCTTGTGGAAAGCGTGTGAGTGAGGGAGACAGGAACGGC 

2830 2850 2870 

TCTGGGGGTGGGAAGTGGGGCTAGGTCTTGCCAACTCCATCTTCAATAAAGTCGTTTTCG 

2890 2910 
GATCCCTAAAAAAAAAAAAAAAAAAAAAAAAAA 



MGLSLPKEKGLILCLWSKFCRWFQRRESWAQSRDEQNLL^^ 

MiYDNLEAAMVLMEAAPELVFEEMTSELYEGQTAL^ 

VNSEEIVRLLIEHGADIRAQDSLGNTVLHILILQPN^ 

LMQKRKHTQWTYGPLTSTLYDLTE I DS SGDEQSLLELI ITTKKREARQI LDQT PVKELVSLKWKRYGRPYFCMLGAI YLLYI ICFT 
MCCI YRPLKPRT1WRTS PRDNTLLQQKLI^EAYVTPKDDIRLVGELVTVIGAI I ILLVEVPDI FRMGVTRFFGQT IIiGGPFHVLI I 
TYAFMVLVTMVMRLI SASGEWPMS FALVLGWCNVMYFARGFQMLGPFTIMIQKMX FGDLMRFCWIjMAVVILGFASAH'YIIPQTED 
PEELGHFYDYPMALFSTFELFLT 1 1 DGPAN YNVDLPFMYS ITYAAFAI I ATIJjMLNLLIAMMGDTHWRVAHERDELWRAQI VATTV 
MI£RKLPRCLWPRSGICGREYGLGDRWFLRVEDRQ^ 
SRSSANWERLRQGTLRRDLRGIINRGLEDGESWEYQI 
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Figure 8: 



,\ ATGGGTTTGTCACTGCCCAAGGAGAAAGGGCTAATTCTCT 
*) MGLSLPKEKGLILC 
250 270 290 

GCCTATGGAGCAAGTTCTGCAGATGGTTCCAGAGACGGGAGTCCTGGGCCCAGAGCCGAG 
LWSKFCRWFQRRESWAQSRD 
310 330 350 

ATGAGCAGAACCTGCTGCAGCAGAAGAGGATCTGGGAGTCTCCTCTCCTTCrAGCTGCCA 
EQNLLQQKRIWES PLLLAAK 
370 390 410 

AAGATAATGATGTCCAGGCCCTGAACAAGTTGCTCAAGTATGAGGATTGCAAGGTGCACC 
DNDVQALNKLLKYEDCKVHQ 
430 450 470 

AGAGAGGAGCCATGGGGGAAACAGCGCTACACATAGCAGCXCTCTATGACAACCTGGAGG 
RGAMGETALHIAALYDNLEA 

490 510 530 

CCGCCATGGTGCTGATGGAGGCTGCCCCGGAGCTGGTCTTTGAGCCCATGACATCTGAGC 
AMVLMEAAPELVFEPMTSEL 

550 570 590 

TCTATGAGGGTCAGACTGCACTGCACATCGCTGTTGTGAACCAGAACATGAACCTGGTGC 
YEGQTALHIAVVNQNMNLVR 

610 630 650 

GAGCCCTGCTTGCCCGCAGGGCCAGTGTCTCTGCCAGAGCCACAGGCACTGCCTTCCGCC 
ALLARRASVSARATGTAFRR 

670 690 710 

GTAGTCCCTGCAACCTCATCTACTTTGGGGAGCACCCTTTGTCCTTTGCTGCCTGTGTGA 
S PCNLIYFGEHPLSFAACVN 
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Fig. 8 / continue -n 1 



730 750 770 

ACAGTGAGGAGATCGTGCGGCTGCTCATTGAGCATG6AGCTGACATCXGGCCCCAGGACT 
S E E I V R It . L IEHGADIRAQDS 
790 810 830 

CCCTGGGAAACACAGTGl^ACACATCCTCATCCTCCAGCCCAACAAAACCTTTGCCTGCC 
LGNTVLHILILQPNKTFACQ 
850 870 B90 

AGATGTAC^(^GTrGCTGTCCTACGAC^GACATGGGGACCACCTGCAGCCCCTGGACC 
MYNLLLSYDRHGDHLQPLDL 
910 930 950 

T CGTGCCC^tfVTCACCAGGGTCrrcACCCCTTT 

VPNHQGLTPFKLAGVEGNTV 
970 990 1010 

TGATGTTTCAGCACCTGATGCAGAAGCGGAAGCACACCCAGTGGACGTATGGACCA 
MFQHLMQKRKHTQWTYGPLT 
1030 1050 1070 

CCTCGACTCTCTATGACCTC^CAGAGATCG 

STLYDLTEIDSSGDEQSLLE 
1090 1110 1130 

AACTTATCATCACCACCAAGAAGCGGGAGGCTCGCCAGATCCTGGACCAGACGCCGGTGA 
L I 1 T T KKREARQ ILDQT PVK 
1150 1170 ■ 1190 

AGGAGCTGGTGAGCCTCAAGTGGAAGCGGTACGGGCGG 

ELVSLKHKRYGRFYFCM'LGA 
1210 1230 1250 

CC^TATATCTGCTGTAraTCATCTGCTT 

IYLLYIICFTNCCIYRPLKP 
1270 1290 1310 

CCAGGA CCAATAACC G CACGAGCCC C CG GGACAACACCCTCTTACAGCAGAAGCTACTTC 
RTNNRTSPRDMYLLQQKLLQ 
1330 1350 1370 

AGGAAGCCTACATGACXXCTAAGGACGATATCCGGCTGGTCGGGGAGCTGGTGACTGTCA 
EAYMT PKDDIR3UVGELVTVI 
1390 1410 1430 

TTGGGGCTATCATCATCCTGCTGGTAGAGGTTCCAGACATCTTCAGAATGGGGGTCACTC 
G A I I I LLVEV PDI FRMGVTR 
1450 1470 1490 

GCTTCTTTGGACAGACCATCCTTGGGGGCC<^ 

FFGQTILGGPFHVLIITYAF 
1510 1530 1550 

TCATGGTGCTGGrGACCATGGTGATGCGGCTCATCAGTGCCAGCGGGGAGGTGGTACCCA 
MVLVTMVMRLISASGEVVPM 
1570 1590 1610 

rGTCCTTTGCAC^GTGCTGGGCTGGTGCAACGTCATGTACTTCGCCCGAGGATTCCAGA 
SFALVLGWCNVMYFARGFQM 
1630 1650 1670 

TG CT AGGCCCCTTCACCATCATGATTCAGAAGAT GAT T TTTGGCGACCT GAT GCGATT CT 
L G P FT IMIQKM IFGDLMRFC 
1690 1710 1730 

GCTGGCTGATGGCTGTGGTCATCCTGGGCT1TC 

WLMAVVILG FASAFYI I FQT 
1750 1770 1790 

CAGAGGACCCCGAGGAGCTAGGCCACTrCTACGACTACCCCATGGCCCTGTrCAGCACCT 
EDPEELGHFYD YPMALFSTF 
1810 1830 1850 

TCGAGCTGTTCCTTACCftTCATCGATGGC^ 

ELFLTI IDGPANYNVDLPFM 
1870 1890 1910 

TGTAC^CATCACCTATGCTGCCTTTGCCATCATCGCCACACTGCTCATGerCAACCTCC 
YS IT YAAFAI I ATLLMLNLL 
1930 1950 1970 

TCATTGCCATGATGGGCGAC*CTCACTGGCGAGT<M 
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Fig. 8 / continu: on 2 

IAMMGDTHWRVAHBRDELWR 

1990 2010 2030 

GGGCCCAGATTGTGGCCACCACGGTGATGCTGGAGCGGAAGCTGCCTCGCTGCCTGTGGC 
AQIVATTVMLERKLPRCLWP 
2050 2070 2090 

CTCGCTCOSGGATCTGCGGACGGGAGTATGGCCTGGGAGACCGCTGGT^ 

RSGICGREYGLGDRWFLRV E 
2110 2130 2150 

AAG ACAGGCAAGAT C7CAACCGGCAG CGGAT CCAACGCT ACGCACAGGCC T T CCACACC C 
DRQDLNRQRIQRYAQAFHTR 
2170 2190 2210 

GGGGCTCTGAGGATTTGGACAAAGACTCAGTGGAAAAACTAGAGCTGGGCTGTCCCTTCA 
GSEDLDKDSVEKLELGCPFS 
2230 2250 2270 

GCCCCCACCrTGTCCCTTCCTATGCCCTCAGTGTCTCGAAGTACCTCCCGCAGCAGTGCCA 
PHLSLPMPSVSRSTSRSSAN 
2290 2310 2330 

ATTGGGAAAGGCTTCGG CAAGGGACCCTGAGGAGAGACCT GCGTGG GAT AATC AAC AGGG 
WERLRQGTLRRDLRGIINKG 
2350 2370 2390 

GTCTGGAGGACGGGGAGAGCTGGGAATATCAGATCTGA 
LEDGESWEYQI* 



MGL S LPKEKGLI LCLWSKFCRWFQRRESWAQSRDEQNLI^2QKRIWE S PIXLAAKDNDVQALNKUiKYEDCKVHQRGAMGETALHIA 

ALYDNLEAAMVLMEAAPELVFEPMTSELYEGQT^ 

VNSEEIVRLLIEHGADIRAQDS1^WLHILILQPNKTFAC£^^ 

LMQKRKHTQWTYGPLTSTLYDLTEIDS SGDEQSLLELI ITTKKREARQI LDQT PVKELVS LKWKRYGRFYFCMI/3AI YLLYI I CTT 
MCCI YRPLKPRTNNRTS PRDNT LLQQKLLQEAYMTPKDDIRLVGELVTVI GAI 1 1 LLVEV P DIFI^GVTRFPGQTI IA3GPFHVLI 1 
TYAFMVLVTMVMRLI SASGEWPMSEALVLGWCNVMYFARGFQMLGPFT1MIQKMI FGDLMRFCWLMAWI I/3FASAFYI IFQTED 
PEEHGHFYDYPMALFST FELFLT IIDGPAN YNVDLP FMY3 IT YAAFAI I ATLI*U*NLL I A^GOTHWIVAHERI)ELWI^QI VATTV 
MLERKLPRCLt^SGICGREYGI^RWFLRVEDRQDLNRQRIQRYAQAFH^ 
SR5SANWERLRQGTLRRDLRG I IKRG LEDGESWEYQI 



OVAACTCACAGCCCTCTCCAAACTGGCrG^ 
CCTCTACAGGGAGACGGTGGGCCGGCCCTTGGGGGGGCT^^ 
GGCCCCCAAGGAGCCGGCCCTACACCCCATGGGTTTGTCACT 
GC^GATGGOTCCAGAGACGGGAGTCCTGGGCCCAG^ 

CT CCTT CT AG CTGCC AAAGAT AATGATGT CCAGG CCCTGAACAAGTT GCT CAAGT ATGAGGATT GCAAGGTGCACCAG AG AGGAGC 

CAITCGGGGAAACAGCGCTACACATAGCAGCCCTCTATGACAACCT 

TCTTTGAGCCCATGACATCTCAGCTCrATGAGGGTCAGACTGCACTGCA 

GCCXTGCTTGCCCGCAGGGCCAGT^CTCTGCCAGAGCCACAGGCACTC 

GGAGCACCCTTTGTCCTTTGCTGCCTGTGTGJ^^ 

AGGACTGCCTGGCCCAACAAAACCTTTGCCTGCCAGATCT 

CCTGGACCTCGIH^CCAATC ACCAGGCTCTCACCCCTTTCAAG CTGGCTGGAGTGGAGGGT1AACACTGTGATGTTT CAGCACCTGA 

TGCAGAAGCG G AAGCACACCCAGTGG ACGTATGGACCACTG ACCT CGACTCTCT AT GACCT CACAGAGAT CGACTC CTCAGGGGAT 

GAGCAGTCCCTGCTGGAACTTATCATCACCACO^AAG^ 

GAGCCTCAAGTGGAAG<X3GTACGGGCGGCCOT^ 

GCTGCATCTACCGCCCCCTCAAGCCCAGGACCAATAACC 

GAAGCCTACGTGACCCCTAAGGACGATATCCX^CTGGTOGGGAGCT^ 

GGTTCCAGACATCrTCAGAAT^GGGGTCACrrCGCTTCT^ 

ATXXXTTGATCGTCCTGGTGAGCATGGTGATGCGGCTC^ 

TCATCCTGGGCTTTGCTTCAGCCTTCrATATCATCTTC 

GOCXTGTTCAGCACCTTCGAGCTGGTCCTTACCATCATCGAl^^ 

CACCTATGCTGCCTTTGCCATCATCGCCACACT^ 

CCX^TGAGCGGGAT^ AGCTGTGGAGGGCCCAGArrGTGGCCACCACGG TGATGCTGGAGCGGAAGCTGCCTCG CTGCCTGTGGCCT 
CGCTCCGGGATCTGCGGACGGGAGTATGGCCTGGQGGACCGCTGGT^ 



WO 02/010382 

Fig. 8 / continuation 3 



17/40 



PCT/EP01/08309 



GATCCAACGCTACGCACAGGCCOTCCACACC^ 
CCTT(^GCCCCCACCTGTCCCTTCCTACGCCCT^ 
GGGACCCTGAGGAGAGACCTGCGTGGGIVrAATCAACAGGGGTCTGGAGGA 
TCTCACTTCGCTTCCTGGAACTTGCTCTCATTTTCCTGGGIM^^ 

AGGCXXX2AGGGAGAAAGAGGAGT AG CATGAACGCCAAGGAATGT ACG? TGAG AATCACTGCT CCAG G CCTGCAT T ACT C CTTCAGC 
TCTGGGGCAGAGGAAGCXX^USCCX^VAGCACGGGG 

GAGCACTGCATGTCAGAGC^CTTTAAAAACAGGCCAGCCTGCTTGGGCCCT 

CCCTTCCCAGGGCACCCAGG CAGGTGCAGGGAAGT GCAGAGCT TGTGG AAAGCGTGTGAGTGAGGG AGACAGGAACG G CTCTGGGG 
GTGGGAAGTGG GGCT AGGTCT TGCCAACT CCATCTTCAAT AAAGT CGT TTT CGG ATC CCT AAAAAAAAAAAAAAAAAAAAAAAAAA 



CAAACT C ACAGCCCTCT C CAAACT GG CTGGGGCTGCT GGGAG ACTCCCAAGGAACTCGTCAGGAAGGCAGGAG ACAGG AGACGGGA 

CCTCTACAGGGAGACGGTGGGCCGGCCCTTGGGG(^CTGATGT^ 

GGCCCCCAAGGAGCCGGCCCTA(^CCCCATGGGTTTGTCACTGCCCAAGGA^ 

GCAGATGGTTCCAGAGACGGGAGTCCTGGGCCCAGAGCCGAGATGAGCAGAAOTGCTCCAGCAGAAGAGG 
CTCCTTCTAGCTGCCAAAGATAATGAICTCC^ 

CATG<^GGAAACAGCGCT ACACAT AGCAGCCCTCT ATGACAAC CT GGAGGCCGCCATGGT GCTGATGGAGGCTGCC CCGGAGCTGG 

TCTTTGAGCCCATGACATCTGAGCTCTATGAGGTCCTGACrrGCCCATCA ' 

AAGAGGAAGAGATGGGCAGCAGCrc^TCttTCTGGGAATCCTGAACACCC^ 

GGGAAAGAGACTGGGGTGCATATGGGAGGGACCCCCTGCAGG^^ 

TCAGACTGCACTGCAGATCGCTGTTGTGAACCAGAACATGAACCTGG 

GAGCCACAGG<^CTGCCTTCCGCCGTAGTCCCTGCAACCTCATCT'ACTT^ 

AGTGAGGAGATCGTGCGGCTGCTCATTGAGCATGGAGCTGACATCO 

AGATGTACAACXrrGTTGCTGTCTTACGACAGACATGG^ 

CCTTTCAAGCTGGCTGGAGTGGAGGGT AACACTGT GATGTTT CAGCACCT 

ACCACTGACCT CGACT CT CT ATGACCTCAC^GAG ATCG ACT CCTTCAGGG GAT GAGCAGTCCCT GCTGG AACTT ATCAT CACCACCA 

AG^GCGGGAGGCTCGCCAGATCCTGGAC^^GACGCCGGTGAAGGAGCTGGTGA^ 

TTCTGaVtt^TGGGTGCCATATATCTGCTGTA<^ 

TAACCGCACGAGCCCCCGGGACAACACCCTCnTACAGCJ^GAAGCTACTT 

TGGra5GGGAGCTGGTGACTGTC^TrGGGGCTATCATC^TCCTGCTGGTAGA 

TTCTTTGGACAGACC^TCCrTGGGGGCCCATTCCATGTCCT 

GCITOTC^GTGCCAGCGGGGAGGTGGTACCCATGT^ 

TCCAGATGCT AGGCCCCTTC ACC^U^^TGATTCAG AAGATGAT T TTTGGCGACCTG AT G CGAT T CTGCTGGCTGAT GGCTGT GGTC 
ATCCTGGGCTFTGCrFAGACAGAGGACCCCGAGGAGC^^ 
GGTCCTTACCATC^TCGATGGCCCAGCCAACTACAACGTGGACCTGCCCT^ 
TO^CACACTGCTCATGCTCAACCTCCTCATTG^ 

AGGGCCCAGATTGTGGCCACCACGGTGATGCTGGAGCGGAAGCTGCCTTOCTGCCTGTG 

TCCACACCCGGGGCTCTGAGGATTTGGACAAAGA 
CCTATGCCCTCAGTGTCTCGAAGTACCTCCCGC^^ 
TGGGATAATCAACAGGGGTCTGGAGGACXyGGGAGACCT 
GCPCTCATTTTCCTGGGTGC^TCAAACAAAACAAAAACCMACAC 

AGCATG AACG CC AAGGAATGT ACGT T GAG AAT C ACT GCTCCAG G CCTGCAl'T ACTCCT T CAGCTCTGGGGCAGAGGAAG CCC AG CC 

TAAAAACAGGCCAGCCTGCTTGGGCCCTCGGTCTCCACXXX^ 
GTGOU3QGAAGTGCAGAGCTTGTGGAAAGCGTGTGAGTCT 

CCAACTCCAT CTTCAAT AAAGTCG TTTT CGG ATCCCT AAAAAAAAAAAAAAAAAAAAAAAAAA 



CAAACTC^(3AGCCCTCTCCAAACn?GGCTGGGGCTGCrGGGAGACT 

CCTCTACAGGGAGACGGTGGGCCGGCCCTTGGGGGGGCTGATG^ 

G<3CCCX!CAAGGAGCCGGCCCTACACCCCATGGGTTT^ 

GC^GATGGTTCCAGAGACGGGAGTCCTGGGCCCAGAGCCGAGAT^ 

CTCOTCTAGCTGCCAAAGATAATGATGTCCAGGCCCTGAACAAGTTGCT 

CATGGGGGAAACAGOSCTACACATAGCAGaxnCTATGA 

TCTTTGAGCCCIATGACATCrcAGCTCTATGAGGGTCAG^CT 

GCCCPGCTTGCCCXC^G<3CCAGTGTCTCTO 
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AAACAC AGTGTT ACACAT CCTCATCCTCCP.GCCCAACAAAACCTTTGCCT GCCAGATGT ACAACCT GTT GCTGTC CT ACGACAGAC 
ATGGGGACCACCTGCAGCCCCrTGGACCTCGTGCCCAATC^CCAGGGTCrrCACCCCrT^ 

GTGATGTPTCAG CACCTG ATGCAG AAGCG GAAGCACACCCAGTGGACG TATGGAC CACT G ACCT CGACTCTCT ATGACXTT CACAGA 

GAT CG ACTCCT C AGGGGATGAG CAGTCCCTGCTGG AACTT ATCAT CACCACCAAGAAGCGGG AGGCT CGCCAGAT CCTGG ACCAGA 

CGCCGGTGAAGGAGCTGGTGAGCCIXMGTGGAAGCGGTACGGG05GCCGTAOT 

ATCATCTGCTTCACCATGTGCTGCATCT 

ACAGOVGAAGCTACTTCAGGAAGCX^ACGTGACCXX^ 

TCATCATCCTGCTGGTAGAGGTTCCAGACATOTCAGA^^ 

CATGT CCT CAT CATCACCT ATGCCTTCATGGTGCTGGTGACCATGGTGATG CG GCTCATCAG TGCCAGCGGG G AGGTGGTACCCAT 

GTCCmG^CTOSTGCTGGGCrGGTGCAACGT^ 

AGAAGATGATTTTTGGCGACCTGATGCEAireCTGCT 

TTCCAGACAGAGGACXCCGAGGAGCTAGGCCACTTCTACGACTACCC 

C^TCGATGGCCCAGCCAACTACAACGTGGACCrGCCCTTI^ 

TCATGCTCAACCTCCTCATTGCCATGATGGGCX^CACTaVCTC 

GTGGCCAOCACGGTGATGCTGGAGCGGAAGCTGCCT 

G GACCGCTGGTTCCT GCGGGTGGAAGACAGGCAAGATCTCAAC CG GCAGCGGAT C CAACGCT ACGCACAGGCCTT CCACACCCGGG 

GCTCnXSaGGATTlK^aVAAGACT 

GTGTCTCGAAjGTACCTCCCGCAGCAGTGCC^^ 

CAGGGGTCTGG AGGACGGGGAGAGCTGGG AATATC^GATCTGACTGCGT C 
CTGGGTGCAT CAAACAAAACAAAAACCAAACACCCAGAGGT CT CATCT C CCAGG CCCCAGG G AGAAAGAGGAGT AGCATGAACGCC ' 
AAGGAATGTACGTTGAGAATC&CTGCTCCAGGCCTGC^^ 

TGGCAGGGCGTGAGGAACTCT CCTGTGGCCTGCTCAT C^CC(^CCGACAGGAGCACTGCATGTC^GAG<^CTTTAAAAACAGGCC 
AGCCTGCTTGGGCCCTCGGTCTCCACC(X»GGGT^ 
GGAGAGCTTGTGGAAAGCGTOTGAGTGAGGGAGACAGGAAtXGCTCTGGG^ 
TCAATAAAGTCGTTTTCGGATCCCTAAAAAAAAAAAAAAAAAAAAAAAAAA 



CACACATGGGGCCTCCCAGGAGTGCXC^GGACX^TCGTGCTGTTGGCCT 

CATArAACCCA<XTCiraGTAAATGCCAG<^^ 

CCATGGTGCH?GATGGAGGCTGCCCCGGAGCTGGTCTTTGA 

GGGTGAAGAG CAGGAGTGACGTGGTTGGGT ATTCAAGT C^GT CTCTGT G ATGG AT AATTTGGGAAAGACACAGGGGA3 1 CTGAGCCT 

CCTACTCTTrTTSTCTTCTCTGTCTCCCTTCC^TGTCAGTCCCT 

G(XTTAGAGAAGAGGAAGAGATGt3GCAGCAGCTGGATCCCCTGG^ 

ACCXXTTG AGGGAAAGAGACTAGGGG TGCATATGGGAGGGACCXCX^ , G C^GGATCXH'AGGGGACAGACXXGTG ACTGACAGCTGTCT 
CTGGGCCAGGT CAGACTG (^CTGCACATC^CTGTTGTGAACCAGAACAT GAACCTGGTGCGAGCCC TGCT TGCCCG CAGGGCCAGT 
GTCTCTGCCAGAGCCAC^GGCACTGCCrrTCX^ 

CTGTGTGAACAGT G AGGAGATCGTGCGGCTGCTCATT GAGCATGGAGCT G ACATCCGGGCCXAGG ACTCCCTGGATGT ACAACCTG 
TTGCTGTCXHlACGACAGACATGGGGACCACXTGCAGCaXTGGA^ 

TGGA^GTGGAGGGT AAC^CTOTGAT GITTTCAGC AC CT GATGCAGAAGCGGAAGCACACCCAGTGGACGTATG GACCACTGACCTCGA 
CTCTCTA1K3ACCTCACAJ3AGATCGACTCCT 

CGCCAGATCCTGGACCAGAOSCCGGTGAAGGAGCTGGTCRGCCT^ 

TGCCATATATCTGCTGTACATCATCTGCTTC^ 

CCCGGGACAACACCCTCTTACAGCAGAAGCTACT^^ 

GTG ACTGT CATT<5GGGCT ATCATCAT CCTGCTGGT AGAGGTT CCAGACATCT 

CATCCTTGGGGGCCCATTCCATGTCCTCATCATCACCTATGCC^ 

GCGGGGAGGrGGTACCCATGTCCTOTGCACTCGrGCTGGGCS^T 

CCCITCACCATCATGATTCAGAAGATGATTTTTGGCGACCTGATGCGAT^ 

TraVGCCTTCTATATCATCPTCX^GACAGAGGACCCCGAGGAGCTAGGCC^ 

TCGAGCTGGTCCTTACCATCATXX^TGGCX^CAGCCAACTACAACGTG 

GCCATCAT CGCXIACACTGCTCATGCT CAACXTCCT 

G&CGGGAGTATGGCCTGGGAGAOCGCTX3GTTCCTGCGGGTGGAA 

CAGGCCT TCCACACCCGGGGCT CT GAG G ATTTGGACAAAJ3ACT CAGT G GAAAAAC? AGAGCTGG GCTGTCCCTTCAGCCCXXACCn 

GTCCCTTCX^ATGCCCTCAGTGTCTCGAAGTACCT^ 

ACCTGCGTXjGGATAATCAAOUSGGGTCTGGAGGACGGGGAGA^ 

GGAACTTGCT CTCAT T TTCCT GGGTGCAT CAAACAAAACAAAAACCAAACACCCAGAGGT CT CAT CTCCCAG GCCCC AGGGAGAAA 
GAGGAGTAGCAT<^CGCCAAGGAATGTACGTTGAG^ 

CCCAGCCCAAGCACGGGGCTGGCAGGGCGTGAGGAACTCTCCTGTGGCCTGCrCAr 
AGC^XTTTAAAAACAGGCCAGCCrrGCTTGGGCCCTC^TCTCCACCCCRGGGTCAT 
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CAGGOVGGTGCAGGGAAGTGCAGAGCTTGTGGAAAGCGTGTGAGT 
GGTCOTGCCAACTCCATCTTC3^T£AAG 
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Figure 9: 
A. 



10 30 50 

CGGGGCCCTGGGCTGCAGGAGGTTGCGGCGGCCGCGGCAGCATGGTGGTGCCGGAGAAGG 

M V V P E K E 
70 90 110 

AGCAGAGCTGGATCCCCAAGATCTTCAAGAAGAAGACCTGCACGACGTTCATAGTTGACT 
QSW I PK1FKKKT CTTFIVDS 
130 150 170 

CCACAGATCO^GAGGGACCTTGTGCCAGTGT 

TDPGGTLCQCGRPRTAHPAV 
190 .210 230 

TGGCCATGGAGGATGCCTTCGGGGCAGCCGTGGTGACCGTGTGGGACAGCGATGCACACA 
AMEDAF. GAAVVTVWDSDAH. T 
250 270 290 

CCACGGAGAAGCCCACCGATGCCTACGGAGAGCTGGACTTCACGGGGGCCGGCCGCAAGC 
TEKPTDAYGELD FTGAGRKH 
310 330 350 

ACAGCAATTTCCTCCGGCTCTCTGACCGAACGGATCC^GCTGCAGTTTATAGTCrGGTCA 
SNFLRLSDRTDPAAVYSLV T 
370 390 410 

CACGCACATGGGGCTTCCGTGCCCCGAACCTGGTGGTGTCAGTGCTGGGGGGATCGGGGG 
RTWG FRAPNLVVS V h G G S G G 
430 450 470 

GCCCCGTCCTCCAGACCTGGCTGCAGGACCTGCTGCGTCGTGGGCTGGTGCGGGCTGCCC 
PVI*QTWLQDLLRRGLVRAAQ 
490 510 530 

AGAGCACAGGAGCCTGGATTGTCACTGGGGGTCTGCACACGGGCATCGGCCGGCATGTTG 
STGAWIVTGGLHTGIGRHVG 
550 570 590 

GTGTGGCTGTACGGGACCATC^GATGGCCAGC^CTGGGGGCACCAAGGTGGTGGCCAT^ 
VAVRDHQMASTGGTKVVAMG 
610 630 650 

GTGTGGCCCCCTGGGGTGTGGTCCGGAATAGAGACACCCTCATCAACCCCAAGGGCTCGT 
VAfcWGVVRNRDTLINPKG. SF 
670 690 710 

tccctgcgaggtaccggtggcgcggtgaco:ggaggacggggtccagtttcccctggact 
paryrwrg d pe d gvqfpldy 

730 750 770 

ACAACTACTCGGCCTTCTTCCTGGTGGACGACGGCACACACGGCTGCCTGGGGGGCGAGA 
NYSAFFLVDDGTHGCLGGEN 
790 810 830 

ACCGCTTCCGCTTGCGCCTGGAGTCCTACATCTCAC^ 

RFRLRLESYIS QQKTGVGGT 
850 870 890 

CTGGAATTGACATCCCTGTCCTGCTCCTCCTGATTGATGGTGATGAGAAGATGTTGACGC 
GI DIPVLLLLI DGDEKMLTR 
910 930 950 

GAATAGAGAACGCCACCCAGGCTCAGCTCCCATGTCTCCTCGTGGCTGGCTCAGGGGGAG 
IENATQAQLPCLLVAGSGGA 
970 990 1010 

CTGCGGACTGCCTGGCGGAGACCCTGGAAGACACTCTGGCCCCAGGGAGTGGGGGAGCCA 
ADCLAETLEDT LAPGSGGAR 
1030 1050 1070 

GGC^GGCGAAGCCCGAGATOSAATCAGGCGTTTCTTTCCCAAAGGGGACCTTGAGGTCC 
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.QGEARDRIRRFFPKGDLEVL 

1090 1110 1130 

TGCAGGCCCAGGTGGAGAGGATrATGACCCGGAAGGAGCTCCTGACAGTCTATTCTTCTG 
QAQVERIMTRKELLTVYSSE 
1150 1170 1190 

AGGftTGGGTCTGAGGAATTCGAGACC^TAGTTTTa^AGGCCCTTGTGAAGGCCTGTGGGA 
DGSEEFETIVLKALVKACGS 
1210 1230 1250 

GCTCGGAGGCCTCAGCCTACCTGGATGAGCTGCGTTT^ 

SEASAYLDELRLAVAWNRVD 
1270 1290 1310 

ACATTGCCCAGAGTGAACTCTTTCGGGGGGACATCCAATGG 

IAQSELFRGDIQWRSFHLEA 
1330 1350 1370 

CTTCCCTCATGGACGCCCTGCrrGAATGACCGGCCTGAGTTCGTGCGCT^ 

SLMDALLKDRPEFVRLLI SH 
1390 1410 1430 

AOGGCCTCAGCCTGGGCC^OTCarGACCCCGATGCGCCTGGCCC^ 

GLSLGHFLTPMRLAQLYS AA 
1450 1470 1490 

CGCCCTCCAACTCGCTCATCCGCAACCITTTGGACCAGGCGTCCC^ 

PSNSLIRNLLDQASHSAGTK 
1510 1530 1550 

AAGCCCCAGCCCTAAAAGGGGGAGCTGCGGAGCTCX^ 

APALKGGAAELRPP DVGHV'L 
1570 1590 1610 

TGAGGATGCTGCTGGGGAAGATGTGCGCGCCGAGGTACCCCTCCGGGGGCGCCTGGOVCC 
RMLLGKMCAPRYPSGGAWDP 
1630 1650 1670 

CTCACCCAGGCCAGGG CT TCGGGGAGAGCATGT ATC^ C AC CTCGC 
H PGQG FGESMYLLS DKATSP 
1690 1710 1730 

LSLDAGLGQAPWSDLLLWAL 
1750 1770 1790 

TGTTGCTGAAJ^GGGCACAGATGGCCATGTACTT 

LLHRAQMAHYFWEMGSNAVS 
1810 1830 1850 

CCTTCAGCT CTTGGGGCCT GTTTGCTGCT CCGGGT GATGG C ACGCCTGGAGCCTG AOGCTG 
SALGACLLLRVMARLEPDAE 
1870 1890 1910 

AGGAG GCAG CACGGAGGAAAGACCTGGCGTT CAAGTTT G AGGGG ATGGGCGTTGACCT CT 
EAARRKDLAFKFEGMGVDLF 
1930 1950 1970 

TTGGCGAGTGCTATCGCAGCAGTGAGGTGAGGGCTGCCCGCCTCCTCCTCCGTCGCTGCC 
GECYRS SEVRAARLLLRRCP 
1990 2010 2030 

CGCTCTGGGGGGATGCCACTTGCCTCCAGCTGGCCATGCAAGCTGAC^ 

L W G D A ' T C L Q L A M QADARAFF 
2050 2070 2090 

TTGCCCAGGATGGGGTACAGTCTCTGCTGACACA^ 

AQDGVQSLLTQKWWGDMAST 
2110 2130 2150 

CTACACCCATCTGGGCCCrGGTTCTCGCXrre 

TPIWALVLAFFCPPLIYTRL 
2170 2190 2210 

T CATCACCT? CAGGAAAT C AG AAGAGG AGC CCACACGG GAGG AG CT AG AGTTTGACATGG 
ITFRK SEEEPTREELEFDMD 
2230 2250 2270 

ATAGTGTCAT TAATGGG G AAGG GCCTGTCGGGACGGCGGACCCAGCCGAG AAGACG CCGC 
SVINGEGPVGTADPAEKTPL 
2290 2310 2330 
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TGGGGGTCCCGCGCCAGTCGQGCCGTCCGGGTTGCTGCGGGGGCCGCTGCGGGOGGCGCC 
GVPRQSGRPGCCGGBCGGRR 
2350 2370 2390 

GGTGCCTACG CCX^TGGTTCCACTTCTGGGGOGTGCCGGTGA.CCATCTT CATGGGCAACG 
CLRRWFHFKGVPVTIFMGNV 
2410 2430 2450 

TGGTCAGCTACCTGCTGOTCCTGCTGCTTTTCrrCGCGGGTGCT^ 

VSYLLFLLLFS RVLLVDFQP 
2470 2490 2510 

CGGCGCCGCCCGGCTCCCTGGAGCTGCTGCTCTATTTCTGGGCTTTC^ 

APPGSLELLLYFWAFTLLCE 
2530 2550 2570 

AGGAACTGCGCCAGGGCCTGAGCGOAGGCGGGGGCAGCCTCGCCAGOGGGGGCCCCGGGC 
ELRQGLSGGGGSLASGGPGP 
2590 2610 2630 

CTGGCCATGCCTC^CTGAGCCAGCGCCTGCGCCTCTACCT 

GHAS LSQRLRLYLADSWNQC 
2650 2670 2690 

GCGACCTAGTGGCTCTCACCTGCTTCCTCCT^ 

DLVALTCFLLGVGCRLTPGL 
2710 2730 2750 

YHLGRTVLCI DFMVFTVRLI* 
2770 2790 2810 

TTCACATCTT CACGGT CAACAAACAG CTGG GGCXXAAG AT CGT CAT CGTG AG C AAG AT G A 
HIFTVNKQLGPKIVIVSKMM 
2830 2850 2870 

TGAAGGACGTGTTCTrCrTCCTCTTCTTCCTCGGCGTGTGGCT^ 

KDVFFFLFFLGVWLVAYGVA 
2890 2910 2930 

CCAa^AGGGGCTCCI^GG<XAOGGGACAGTGACT 

TEGLLRPRDSDFPSILRRVF 
2950 2970 2990 

TCTACCGTCCCTACCTGCAGATCTTOGGGCAG 

YRPYLQIFGQI PQEDMDVAL 
3010 3030 3050 

T^TGGAGCACAGCAACTGCrCGTCGGAGC^ 

ME'HS NCSSEPGFWAHPPGAQ 
3070 3090 3110 

AGGCGGGCACCTGCGTCTCCCAGTATGCCAACTC 

AGTCVSQYANWLVVLLLVIF 
3130 3150 3170 

TCCTGCTCOTGt3CCaACATCCTGCTGGTCAACTTG^ 

LLVANILLVNLLIAMFSYTF 
3190 3210 3230 

TCGGCAAAGTACAGGGCAAC^GCG&TCTCTACT 

GKVQGNSD LYWKAQRYRLlR 
3250 3270 3290 

GGGAATTCGACTCTCGGCCCGCGCTGGCCCCGCCCTT^ 

EFHSRPAIiAPPFIVISHLRL 
3310 3330 3350 

TCCTGCTCAGGCAATTGTGCAGGCGACCCCGGAGCCCCC^^ 

LLRQLCRRPRSPQF SSPALE 
3370 3390 3410 

AGCATTTCCGGGTTTACCT37CTAAGGAAGC0GAGCGGAAGCTGCTAACGTGGGAATCX^ 
HFRVYLSKEAERKLLTWESV 
3430 3450 3470 

TGCATAAGGAGAACTTXCTGCTGGCACGCGCTAGGGACAAGCGG GAGAGCGACTCCGAGC 
HKENFLLARARDKRESDSER 
3490 3510 3530 

GTCTGAAGCGCACGTCCCAGAAGGTGGACTTGGCACT^ 

EiKRTSgKVDLALKQLGHI R E 
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3550 3570 3590 

AGTACGAAC AGOGCCT G AAAGTGCTGGAGCGGGAGGTCCAGC AGTGTAGCCG CGTCCTGG 
YEQRL KVLEREVQQCSRVLG 

3620 3630 3650 

GGTGGGTGGCCGAGGCCCTGAGCCGCTCTGCCTTGCrGCCCCCAGGTGG^ 

WVAEAL S RSALLPPGGP PPP 

3670 3690 3710 

CrGACCTGCCTGGGTCCAAAGACTGAGCCCTGCTGGCGGACTTCAAGGAGAAGCCCCCAC 
DLPGSKD* 

3730 3750 3770 

AGGGGATTTTGCTCCTAGAGTAAGGCTCATCTGGGCXrrCGGCCCCCGCACCTGGTGG^ 

3790 3810 3830 

TGTCCTTGAGGTGAGC CCCATGTCCATCT GGGCCACTGTCAGGACCACCT T T GGGAGTGT 

3850 3870 3890 

CATCCTTACAAACCAC^GCATGCCCGGCTCCTCCCAGAACCAGTCCCA 

3910 3930 3950 

CAAGGCCTGGATCCCGGGCCGITATCCATCTGGAGGCTC 

3970 3990 4010 

GACCACAGACCCCTCACC^CTCACAGATTCCrCAC^^ 

4030 

GGAAAAAAAAAAAAAAAAAAAA 



MWPEKEQSW t PKI FKKKTCTTFI VD STDPGGTLCQCGRPRTAHPAVAMEDAPGAAWTVWD S DAHTTEKPT DAYELDFTGAGRKH 

SN FLRIiSDRTDPAAVY SL VTRTWG FRAPNLWSVIA3G S GGFVLQTWLQDLLRRGLVRAAQSTGAWI VTG GLHTGIGRHVGVAVRDH 

QMAS TGGTKWAMGVAPWGVVRNREXrLINPKGSFPARYRWRGDPE EX^QFPLDYNYS AFFLVDMTHGCLGGENRFRLRLESYI S Q 

QKTGVGGTG I D I PVLLLL I DG DEKMLTRI ENATQAHVPCLLVAG SRGIX3NPGGTLEAHLAQDGDHKANQS TNQLLLPKDI*SI*QPVE 

SIDRKTLQSYSERIAVAWNRVDIAQSELFRGDIQWRSFHLE^ 

LIRNLLDQASHSAGT^PALKGGAAEI^PPDVGHVLR^ 

PWSDLLLV7ALLLNRAQMAMYFWEMGSNAVSSAIX^ 

RRCPLWGDATCLQLAMQADARAFFAQDGVQ S LLTQKWWGDMASTTP I WALVLAFFCPPLI YTRLIT FRKSEEE PTREELE FDMDS V 
INGEGPVGTADPAEKTPIX^PRQSGRPGCC&GRCGGRRCIJtRWra 

LLYFWAFTLLCEELRQGI.SGGGGSLAS GGPG PGHASLSQRLRLYLADSWNQC DLVALTCFLIiGVGCRLTPGLYHLGRT VIjCI DFMV 

FTVRLLHI FTVNKQIX3PKI VIVSKMMKDVFFFLFFLGWLVAYGVATEGLLRPRDSDFPS I LRRVFYRPYLQIFGQIPQEDMDVAL 

MEHSNCSSEPGFWAHPPGAQAGTCVSQYANWLWn^LLVI 

ALAPPnVISHLRUAKQLCRPvPRSPQPSSPAI^FRVYLSKE^ 

KQX GH I RE YEQRLKVLERE VQQCSRV LGWVASALS RS ALLPPGG PP P PDLPG SKD 



j 

10 • 30 50 

ATCCAATGGCGGTCCTTCCATCTCGAAGCTTCCCTC^^ 

70 SO 110 

CCTGAGTTCGTGCGCTTGCTCATTTCXCAC 

130 150 170 

ATGCGCXTGGCCCAACTCTACAGCGCGGCGCCCTCCAACTCGCTCAT 

190 210 230 

GACCAGGCGTCCC^CAGCGCAGGCACCAAAGCCCCAGCCCTAAAAGGGGGAGCTGCGGAG 

250 270 290 

CTCCGGCCCCCTGACGTGGGGCATGTGCTGAGGATGCTGCTGGGGAAGATGTGCGCGCCG 

310 330 350 

AGATGTATCTGCTCTCGGACAAGGCC^CCTCGCCGCTCTCGCTGGATGCTGGCCTCGGGC 

myllsdkatspl sldaglgq 

370 390 410 

aggccccctggagcgacctgcttctttgqgcactgttgctgaacagggcacagatggcca 
apwsdlllwalllnraqmam 

430 450 470 

tgtacttctgggagatgggttccaatgcagtttcctcagctcttg^ 
yfwemgsnavs5algaclll 
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490 510 530 

TCCGGGTGATGGCACGCCTGGAGCCTGACGCTGAGGAGGCAGCACGGAGGAAAGACCTGG 
RVMARLBPDAEEAARRKDLA 
550 570 590 

CG TTCAAGTTT GAGGGGATG GGCGTT GACCT CTTT GGCGAGT GCT AT CGC AGCAGTG AGG 
FKFEGMGVDLFGECYRSS EV 
610 630 650 

TGAGGGCTGCCCGCCTCCTCCTCCGTCGCTGCCCGCTCTGGGGGGATGCCACTTGCCTCC 
RAARLLLRRC PLWGDATC LQ 
670 690 710 

AGCTGGCCATGCAAGCTGACGCCOSTGCCTTCTTTGC 

LAMQADARAFFAQDGVQS LL 
730 750 770 

TGACACAGAAGTGGT GGG GAGAT ATG GCCAG CACTACACCCATCTGGGCCCTGG T TCTCG 
TQKWWGDMASTT PIWALVLA 
790 810 830 

CCTTCrrTTGCCCTCCACTC^TCTACaCCCXSCCT 

FFCPPLIYTR1ITFRKSEEE 
850 - 870 890 

AGCCC^CACGGGAGGAGCrTAG AGTTT GAC^TGGAT AGTGTCATT AAT GGGGAAGGG CCTG 
PTREELE FDMDSVING EG PV 
910 930 950 

TCGGGACGGCGGACCCAGCCGAGAAGACGCCGCTGGGGGTCCCGCGCCAGTCG^ 

GTAD PAEKT PLGVPRQSGRP 
970 990 1010 

GCCGGRCGGRRCLRRWFHFW 
1030 1050 1070 

GGGGCGTGCCGGTGACCATCTTCATGGGCAACGTGGTC^ 

GVPVT1 FMGKVVSYLIiFLLL 
1090 1110 1130 

TTTTCTCGCGGGTGCTGCTCGrGGATTTCCAGCCGGCGCCGCCCGGCT 

FSRVLLVDFQPAPPGSLELL 
1150 1170 1190 

TGCTCTATTTCTGGGCTT TCACGCTCCTGTGCGAGGAACTGCGCCAGGGCXn , GAGCX3GAG 
LYFWAFTLLCEELRQGLSGG 
1210 1230 1250 

GC^GGGGCAGCCTCGCCAGrcGGGGCCCCGGGCClGGCC^TGCCTCACTGAGCCAGCGCC 
GGSLA8GGPGPGHASLSQRX1 
1270 1290 1310 

TGCGCCTCTACCTCGCCGAC^VSCTGGAACCAGTGCGACCTAGTGGCTCTCA 

RLYLADSWNQCDLVALTCFL 
1330 1350 1370 

TCCTGGGCGTGGGCTGCCGGCTGACCCCGGGTI^GTACCACCTGGGCCGCACTGTCCTCT 
LGVGCRLTPGLYHLGRTVLC 
1390 1410 1430 

GCATCGACTTCATGGTTTTCACGGTGCGGCTGCTTCACATC 

IDFMVFTVRLLHI FTVNKQL 
1450 1470 1490 

TGGGGCCCAAGATCGTCATCGTGAGCAAGATGATGAAGGACGrGTTCTTCTTCCTCTTCT 
GPKIVIVSKMMKDVFFFLFF 
1510 1530 1550 

TCCTCGGCGTGTGGCTGGTAGCCTATGGCGTGGCCACGGAGGGGCTCCTGAGGCCACGGG 
LGVWLVAYGVATEGLLRPRD 
1570 1590 1610 . 

acagtgacin'cccaagtatcctgcgccgcgtcttctaccgtccctacctgcagatcttcg 
s'dfpsilrrvfyrpylq ifg 

1630 1650 1670 

GGCAGATTCCCCAGGAGGACATGGACGTGGCCCTCATGGAGCACAGCAACTGCTCGTCGG 

QIPQEDMDVAIjMEHSNC sse 
1690 1710 1730 

AGCCCGGCTTCTGGGCACACCCTCCTGGGGCCCAGGCGGGCACCTGCGTCTCCC^GTATG 
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PGFWAHPPGAQAGTCV S Q Y A 
1750 1770 1790 

CCAACTGGCTGGTGGTGCTGCTCCTCGTCATCTTCCTGCTCGTGGCCAACATCCTGCTGG 
NWLVVLLLVIFLLVANILLV 
1810 1830 1B50 

TCAACTTGCTCATTGCCATGTTCAGTTACACATTCGGCAAAGTACAGGGCAACAGCGATC 
NLLIAMFSYTFGKVQGNSDL 
1870 1890 1910 

TCTACTGGAAGGCGCAGCGTTACCGCCTCATCCGGGAATTCC^CTCTCGGCCCGCGCTGG 
YWKAQRYRLIREFRSRPALA 
1930 1950 1970 

CCCCGCCCTTTATCGTCATCTCCCACTTGCGCCTCCTGCTCAGGCAATTGTGCAGGCGAC 
PPFIV I SHLR LLLRQLCR RP 
1990 2010 2030 

CCCGGAGCCCCCAGCCGTCXrrCCCCGGCCCTCGAGCATTTCCGGGTTTACCTTTCTAAGG 
RSPQP S S PA'LE.HFRVY LSKE 
2050 2070 2090 

AAGCC^AGCGGAAGCTGCTAACGTGGGAAT(^GTGCATAAGGAGAACTTTCTGCTGGCAC 
AERKL LTWESVHKEN F L L A. R 
2110 2130 2150 

GCGCTAGGGACAAGCGGGAGAGCGACTCCGAGCGTCTGAAGCGCACGTCCCAGAAGGTGG 
ARDKRESDSERLKRTSQKVD 
2170 2190 2210 

ACTTGGCACTGAAACAGCTGGGACACATCCGCGAGTACGAACAGCGCCTGAAAGTGCTGG 
LALKQLGHIREYEQRLKVLE 
2230 2250 2270 

AGCGGGAGGTCCAGCAGTGTAGCCGCGTCCTGGGGTGGGTGGCCGAGGCCCTGAGCCGCT 
REVQQCSRVLGWVAEALSRS 
2290 2310 2330 

CTGCCTTGCTGCCCCC^GGTGGGCCGCCACCCCCTGACCTGCCTGGGTCCAAAGACTGAG 
ALLPPGGPPPPDLPGSKD* 
2350 2370 2390 

CCCTGCTGGCGGACTTCAAGGAGAAGCCCCCACAGGGGATTTTGCTCCTAGAGTAAGGCT 

2410 2430 2450 

C^TCTGGGCCTCGGCCCCCGCACCTGGTGGCCTTGTCCTTGAGGTGAGCCCCATGTCCAT 

2470 2490 2510 

CTGGGCCACTGTCAGGACC^CCTTTGGGAGTGTCATCCTTA(^AACCACAGCATGCCCGG 

2530 2550 2570 

CTCCTCCCAGAACCAGTCCCAGCCTGGGAGGATCAAGGCCTGGATCCCGGGCCX3TTATCC 

2590 2610 2630 

ATCTGGAGGCTGCAGGGTCCTTGGGGTAAC^GGGACCACAGACCCCTCACCACTCACAGA 

2650 2670 2690 

TTCCTCACACTGGGGAAATAAAGCCATTTCAGAGGAAAAAAAAAAAAAAAAAAAA 



MYLLS DKATS PLSLDAGLGQAPWSDLLLWALLLNRAQMAMYFWEMGSNAVS SALGACLLLRVMARLEP DAEEAARRKDLAFKFEGM 
GVDLFGECYRSSEVRAARLLLRRCPLWGDATCLQLAMQADARAFFAQ^ 

TFRKSEEEPTREELEFDMDSVINGEGPVGTADPAEKTPIX^PRQSGRPGCCGGRCGGRRCLRRWFHFWGVPV^ 
LLFSRVLLVDFQPAPPGSLELLLYFWAFTIiCEEI^^ 

CRLT PGL YHLGRTVLCI DFMVFTVRLLHI FTVNKQLGPKIVI VSKMMKDVFFFLFFLGVWLVAYG VATEGLLRPRDS DFPS I LRRV 
FYRPYLQI PGQI PQEDMDVALMEHSNCS SE PGFWAHPPGAQAGTCVSQYANWLWLLLVI FLLVANILLVNLLIAMFS YTFGKVQG 
NS DLYWKAQRYRLIREFHSRPALAPPFI VI SHLRLLLRQLCRRPRS PQP S S PALEH FRVYLSKEAERKLLTWESVHKEN FLLARAR 
DKRESDSERLKRTSQKVDLALKQIXSHIREYEQRLKVLEREV^^ 
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10 30 50 

AT T AAAGT TT AT AAAACAGTGGCTGG ATGG TT GG AGG AT G C AGGTGGACAG AAG ACGT GG 

MVGGCRWTEDVE 
70 90 110 

AGCCTGCAGAACTAAAGGJU\AAGATGTCCTTTCGGGCAGCCAGGCTC^^ 

PAEVKEKMSFRAARLSMRNR 
130 150 170 

GAAGGAATGAC^CTCTGGAGAGCACCCGGACCCTGTACT 

RNDT. LDSTRTLYSSASRSTD 
190 210 230 

ACTTGTCTTACAGTGAAAGCGCCAGCTTCTACGCT^ 

LSYSESASFYAAFRTQTCPI 
250 270 290 

TCATGGCTTCTTGGGACTTGGTGAATTTTATTCAAGCAAATTTTAAGAAACGAGAATGTG 
MASWDLVNFIQANFKKRECV 
310 "330 350 

tcttctttaccaaagatto:aaggcc^cggagaatgtgtgcaagtgtggctatgcccaga 
fftkdskatenvckcgyaqs 

370 390 410 

• G CCAGCAC AT gg aaggcaccc ag atcaa<xaaagtgagaaatgg aactacaag aaacaca 

Q HMEGTQINQSEKWNYKKHT 
430 450 470 

CCAAGGAATTTCCTACCGACGCCTTTGGGGATATT^^ 

KEFPTDAFGD1QFETLGKK G 
490 510 530 

GGAAGTATATACGTCTGTCCTGCGACACX3GACGCGGAAATCCTTTACGAGCTGCT 

KYIRLSCDTDAEIIiYELLTQ 
550 570 590 

AGCACTGGCACCTGAAAAC^CCCAACCTGGTC^TTTCT 

HWHLKTPNLVISVTGGAKNF 
610 630 650 

TCGCCCTGAAGCCGCGCATGCGCAAGATCTT CAGCCGGCTTCATCT ACATCG CGCAGTCCA 
ALKPRMRKIFSRLIYIAQSK 
670 690 710 

AAGGTGCTTGXSATTCTCACGGGAGGC^CCCATTATGGCCTGATGAAGTACATCGGGGAGG 
GAW ILTGGTHYGLMKYIGEV 
' 730 750 770 

TGGTGAGAGATAACACCATCAGCAGGAGTTCAGAGGAGAATATTGT^ 

VRDNTISRSSEENIVAIGIA 
790 810 830 

CAGCTTGGGX5CATGCTCTCCAACCGGGAC&CCCT 

AWGMVSNRDT LIRKCDAEGY 
850 870 890 

ATT TTT TAG CCCAGTACCTT AT GGATGACTTCACAAG AG ATC CACTGTATATCCTGGACA 
FLAQYLMDDFTRDPLYILDN 
910 930 . 950 

ACAACCACAC ACAT TTGCTG CT CGTGGACAATGGCTG TCATGGACAT CX:CAC TGTCGAAG 
NHTHLLLVDNGCHGHPTVEA 
970 990 1010 

CAAAGCTCCGGMTCAGCTAGAGAAGTATATCTCT 

KLRNQLEKYISERTIQDSNY 
1030 1050 1070 

ATGG^GGCAAGATCCCC^TTGTCTGTTTTGCCC^GGAGGTGGAAAAGAGACTTTGAAAG 
GGK1 P I V ,C FAQGGGKE TLKA 
1090 1110 1130 

CCATCAATACCTCCATCAAAAATAAAATTCCTTGTGTGGTGGTGGAAGGCTCGGGCX^G^ 
INTSIKNKIPCVVVEGSGQI 
1150 1170 1190 

tcgctgatgtgatcgctagcctggtggaggtggaggatgccctgacatcttctgccgtca 
adviaslvevedaltssavk 

1210 1230 1250 
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AGGAGAAGCTGGTGCGCTrTTTACCCCGCACGGTGTCCCGGCTGCCTGAGGAGGAGKCTG 
EKLVRFLPRTVSRLPEEETE 
1270 1290 1310 

AGAGTTGGATCAAJVTGGCTCAAAGAAATTCT 

SWIKWLKEILECSHLLTVIK 
1330 1350 13*70 

AAATGGAAGAAGCTGXK3GATGAAAT7GTGAGCAATGCCM 

MEEAGDEIVSNAISYALYKA 
1390 1410 1430 

CCTTCAGCACCAGTGAGCAAGACAAGGATAACTGGAA^ 

FSTS E QDKDNWNGQLKLLLE 
1450 1470 1490 

AGTGGAACCAGCTGGACrTAGCCAATGATGAGATTTTCACCAATGACCGCCGATGGGAGA 
WNQLDLANDEI FTNDRRWEK 
1510 1530 1550 

AGAGCAAACCG AG G CTCAGAGAC AC^KAT AATCCAGGrCACAT GG CTGG AAAATGG T AGAA 
SKPRLRDTIIQVTWLENGRI 
1570 1590 1610 

TCAAGGTTGAGAGCAAAOATGTGACTGACGGC^ 

KVE SKDVTDGKAS SHMLVVL 
1630 1650 1670 

TCAAGTCTGCTGACCT TCAAGAAGTCATGTT T AOGGCT CTCAT AAAGGACAG ACCCAAGT 
K S A DL QEVM FT.A h I KD RPK F 
1690 1710 1730 

TTGTCeGCCTCTTTCTGGAGAATGGCTTGAACCT 

VRLFLENGLNLRKFLTHDVL 
1750 1770 1790 

TC ACTGAAC TCTTCT CtZAACCACTT CAGCACGC T TGrGTACCGGAAT CTGX2AGAT CGCCA 
TELFSHHFSTLVYRNLOIAK 
1810 1830 1850 

AGAATTCCTATAAtt^TGCCCTCCTCACGTTTGT 

NSYNDALLTFVWKLVANFRR 
1870 1890 1910 

GAGGCTTCCGGAAGGAAGACAGAAATGGCCGGGACtSAGATGGAC^TAGAAC^CCACGACG 
GFRKEDRNGRDEMDIELHDV 
1930 1950 1970 

TG TCTCCTATT ACT C GGCACCCCCTGCAAG CTCT CT T C^T CTGGGCCATT CTTCAGAAT A 
SP'ITRHPLQALFIWAI LQNK 
1990 2010 2030 

AGAAGGAAC^CTCCAAACTCATTTGGGAGCAGACCAGGGGCTGCACTCTGGCAGC.CCTGG 
KELSKVIWEQTRGCTLAALG 
2050 2070 2090 

GAGCCAGCAAGCTTCTGAAGACTCT G GCCAAAGT GAAGAACGACATCAATG CTG CTGGGG 
ASKLLKTLAKVKNDINAAGE 
2110 2130 2150 

AGTCCGAGGAGCTGGCTAATGAGTACGAGACCCGGGCTG^ 

S EE LANEYETRAV GESTVWN 
2170 2190 2210 

ATGCTGTGGTGGGCGCGGATCTGCCATGTGGC^C^ 

AVVGADLPCGTDIASGTHRP 
2230 2250 2270 

C AGATGGTGGAGAGC TGITCACT GAGT GT TACAG C AGCGATGAAGACTTGGCAGAACAGC 
DGGELFTECYS SDEDLAEQL 
2290 .2310 2330 

TGCTGGTCTATTCCTGTGAAGCTTGGGGTGGAAGC 

LVYS CEAWGGSNCLELAVEA 
2350 2370 2390 

CCAC^GACCAGCATTTCATCGCXCAGCCTGGGGTCCAGAATTTTOT 

TDQHFIAQPGVQNFLSKQWY 
2410 2430 2450 

ATGGAGAGATTTCCCGAGACACCAAGAACTGGAAGATTATCCTGTG^CTGTTTATTATAC 
GEISRDTKWWKIILCLFIIP 
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2470 2490 2510 

CCTTGGTGGGCTGTGGCTTTGTATCATTTAGGAAGAAACCTGTCGACAAGCACAAGAAGC 
LVGCGFYSFRKKPVDKHKKL 
2530 2550 2570 

TGCTTTGGTACTkTGTGGCGTTTCTITCACCT 

LWYYVAFFTS PFVVFSWNVV 
2590 2610 2630 

TCTTCTACATCGCCTTCCTCXTGCTGTT^^ 

FYIAFLLLFAYVLLMDFHSV 
2650 2670 2690 

TGCCACACCCCCCCGAGCTCGTCCTGTACTCGCTGGTCTTTC^ 

PHPPELVLYSLVFVLFCDEV 
2710 2730 2750 

TGAGACAGGGCCGGCCGGCTGCTrcCAGTGCGGGGCCraC 

RQGRPAAPSAGPAKPTPTRN 
2770 27 90 2610 

ACTCCATCTGGCCCGCAAGCTCX^CACGCaGCCCXCGTTCCCGCT 

SIWPASSTRSPGSRSRHSFH 
2830 - . 2850 2870 

ACACTFCCCTGCAAGCTGAGt^TGC 

TSLQAEGASSG1GQPRKGWT 
2890 2910 2930 

CATrcAAAAATCTGGAAATGGTTGATATTTO^ 

FKNLEMVDISKLL. MSLSVPF 
2950 2970 2990 

TCTCTACGCAGTGCTACGTAAATGGGGTGAATTAT^^ 

CTQWYVNGVNYFTDLWNVMD \ 
3010 3030 3050 

ACACGCTGGGGCTTTTTT ACT TCATAGCAG GAATTCTATTTCGGCAAGGGATCCTT AGG C 
TLGLFYFIAGIVFRQGILRQ 
3070 3090 3110 

AGAATGAGCAGCG CTGGAGGTGGATATTCCGTTCGGT CATCTACGAGCCCT ACCTGG OCA 
NEQRWRWI FRSVIYEPYI/AM 
3130 3150 3170 

TGTFCGGCCAGGTGCCCAGTGACGTGGATGGTACCACGTATGACTTTGCCCACTGCACCT 
FGQVPSDVDGTTYDFAHCTF 
3190 3210 3230 

TCACTGGGAATGAGTCCARGCCACTCTGTGTGGAGCT 

TGNESKPLCVELDEHNLPRF 
3250 3270 3290 

TCCCCGAGTGGATC^CCATCCCCCTGGTGTGCATCTACATGTTATCCACCAACATCCTGC 
PEWITIPLVCIYMLSTNI L L 
3310 3330 3350 

TGGTCAACCTGCTGGTCGCCATGT^ 

VNLLVAMFGYTVGTVQENND 
3370 3390 3410 

ACCAGGXCTGGAAGTTCCA^AGGT ACTT CCHXCTGCAGGAGTACTGCAGCCGCCTCAATA 
QVWKFQRYFLVQE YCSRLNI 
3430 3450 3470 

TCCCCTTCCCCTTCATCG/TCITCGCTTACT 

PFPFr VFAYFYMVVKKCFKC 
3490 3510 3530 

GTTGC^CAAG<^GAAAAACATGGAGTCTTCTGTCTGCTGTGAGTGGTTTATCCATGTGT 
CCKEKNMESSVCCEWFIHVY 
3550 3570 3590 

AOTGGGATCAGAAGCAGCGATTAATTTC^ 

LGSEAAINFREGCLHPV3 GS 
3610 3630 3650 

gctgg accccagg ctcgctggt ctgg acat ccacacgcatt ctcacatgcagtgccggct 
wtpgwlv^tstriltcsagw 

3670 3690 3710 

GGCCAGCAGCA GGGAGT CTCAGTGT CAC CACACAT AG CAGCTOGGT rCCTGCAAAAAGCA 
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PAAGSLSVTTHSSWVPAKSS 
3130 3750 3770 

GCAAGTCACAGGCCCACCCAGACAGAACGGGTAGAGAATGTGACTCTGCTTCTGGGTGGG 
KSQAHPDRTGRECDSASGWE 
3790 3810 3830 

AAGGACAGCCTGCCCGGTGGGTGGAAGAATCCGTGGCCCTGTTTGGCCATCGTGGCCCTG 
GQPARWVEESVAliFGHRGPV 
3850 3870 3890 

TTTGGCCACCTACCACTCTAGGCATCACTGAGCTGAATGCGCCGGTCCTCTGA 
W PPT TLG ITELNAP VL* 



MVGGCRWTEDVEPAEVKEKMSE*RAARLSMRNRRNDTLDSTRTLYSSASRSTDLSYSESASFYAAFRTQTCPIMA 
KKRECVFFTKDSKATENVC^CGYAQSQHMEGTQINQSEKWNYKKHTKE FPTDAFGDIQFETLGKKGKYIRLSCDTDAE I LYELLTQ 
HWHIOTPNLVISOTGGAKNFAIJCPRMRKIFSRLm 

NRDTLIRNCDAEGYFLAQYLMDDFTRDPLYILDNNHTHLIi^ SERTIQDSNYGGKI P IVCFAQG 

GGKETliCAIOTSIKNKIPCSAAHilGS 

IKMEEAGDE IVSNAISYALYKAFSTSEQDKDNWNGQLKLLLEWNQLDLANDEI FTNDRRWEKSKPRLRDTI IQVTWLENGRIKVES 

KDVTDGKASSHMLWI^ADLQEVMCT 

VWKLVANFRRGFRiCEDRNGRDEMDIEIiHDVSPITRHPI^ 

AAGESEELANEYETRAVGESTVWNAWGADLPCGTDIASGTHRPDGGELFTECYSSDEDLAEQLLVYSCEAW " 
QHFJJVQPGVQNFLSKQWYGEISROTKNWKIILC^^ 

FAYVLLMDFHSVPHPPELVLYSLVFVLFCDEVRQGRPAAPSAGPAKPTPTRNS IWPAS STRSPGSRSRHS FHTSLQAEGAS SGLGQ 
PRKGWTFKNLEMVDISKLLMSLSVPFCTQWYVNGVNYFTDLWtT^ 

FGQVPS DVDGTTYDFAHCT FTGNESKPLCVELDEHNLPRFPEWIT I PLVCI YMLSTNILLVNLLVAMFGYTVGTVQENNDQVWKFQ 
RYFLVQE YCSRLNI PFPFI VFAYFYMVVKKCFKCCCKEKNMES SVCCEWFIHV^ PGWLVWTSTR 
ILTCSAGWPAAGSLSVTTHS S WVPAKSSKSQAHPDRTGRECDSASGWEGQPARWVEESVALFGHRGPVWPPTTljG ITELNAPVL 



Q L 

2290 2310 2330 

TGCTGGT CTATTCCTGTGAAGCTTGGGGTGGAAGCAACTGTCTGGAGCTGGCGGTGGAGG 
LV YS CEAWGGSNCLELAVEA 
2350 2370 2390 

CCAC^GACC^GCATTTCATC^CCCAGCCTGGGGTCCAGAATTTTCTTTCTAAGCAATGGT 
TDQHFIAQPGVQNFLSKQWY 
2410 2430 2450 

ATGGAGAGATrrCCCGAGACACCAAGAACTGGAAGATTATCCTGTGTCTGTTTATTATAC 
GEI SRDTKNWKI ILCLFI IP 
2470 2490 2510 

CCTTGGTGGGCTGTGGCTTTGTATCATTTAGGAAGAAACCTGTCGACAAGCACAAGAAGC 
LVGCGFVSFRKKPVDK 
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10 30 50 

ATGAAATCCTTCCTTCCTGTCCACACCATCGTGCTTATCAGGGAGAATGTGTGCAAGTGT 
MKSFLPVHTIVLIRENVCKC 

70 90 110 

GGCTATGCCCAGAGCCAGCACATGGAAGGCACCCAGATCAAC 

GYAQ SQHMEGTQIKQS EKWN 

130 150 170 

TACAAGAAACACACCAAGGAATTTCCTACCGACGCCTTTGGGGATATTCAGTTTGAGACA 
YKKHTKEFPTDAFGDI QFET 

190 210 230 

CTGGGGAAGAAAGGGAAGTATATACGTCTGTCCTGCGACACGGACGCGGAAATCCTTTAC 
LGKKGKYI RLSCDTDAE I " L Y 

250 270 290 

GAGCTGCTGACCCAGCACTGGCACCTGAAAACACCC 

BLLTQHWHLKTPNLVI SVT G 
310 330 350 

GGCGCCAAGAACTTCGCCCTGAAGCCGCGCATGCGCAAGATCTTCAGCCGGCT 

GAKN FAIiKPRMRKI FS R L I Y 
370 390 410 

ATCGCGCAGTCCAAAGGTGCTTGGATTCTC^ 

I A Q S KGAWILTGGTHYGLMK 

430 450 470 

TAC^TCGGGGAGGTGGTGAGAGATAAC^CCATCAGCAGGAGTTCAGAGGAGAATATTGTG 
YIGEVVRDNTISRSSEENIV 

490 510 530 

GCCATTGGCATAGCAGCTTGGGGCATGGTCTCCAACCGGGACACCCT(^TCAGGLAATTGC 
AIGI AAWGMVSNRD-TL. IRNC 

550 570 590 

GATGCTGAGGGCTATTTTTTAGCCC^GTACC^ 

DAEGYFLAQYLMDDFTRDPL 

610 630 650 

TATATCCTGGACAACAACCACACACATTTGCTGCTCGTGGACAATGGCTGTCATGGAC^ 
YILDNNHTHIiLLVDNGCHGH 

670 690 710 

CCCACTGTCGAAGCAAAGCTCCGGAATCAGCTAGAGAAGTATATCTCTGAGCGCACTATT 
PTVEAKLRNQLEKYI S E R T - 1 

730 750 770 

CAAGATTCCAACTATGGTGGCAAGATCCCCATTGTGTG 

QDSNYGGKIPIVCFAQGGGK 

790 810 830 

GAGACTTTGAAAG CCATCAATAC CTCCATCAAAAATAAAATTCCTTGTGTGGTGGTGGAA 
ETL K A INTS I K N K I P CVVVE 

850 870 890 

GGCTCGGGCCAGATCGCTGATGTGATCGCTAGCCTGGTGGAGGTGGAGGATGCCCTGACA 
GSGQ IADVIASLVEVEDALT 

910 930 950 

TCTTCTGCCGTCAAGGAGAAGCTGGTGCGCTTTTT^ 

SSAVKEKLVRFLPRTVSRLP 

970 990 1010 

GAGGAGGAGACTGAGAGTTGGATCAAATGGCTCAAAGAAATTCTCGAATGTTCTCACCTA 
EEETESWIKWLKEILECSHL 

1030 1050 1070 

TTAACAGTTATTAAAATGGAAGAAGCTGGGGATGAAATTGTG 

LT V I KMEEAGDEIVSNAI SY 

1090 1110 1130 

GCTCTATACAAAGCCTTC AG CACCAG TG AGCAAGACAAGGATAACTGG AATGGGCAGCTG 
ALYKAFSTSEQDKDNWNGQL 
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2410 2430 2450 

AGAAACTTAGGACCCAAGATTATAATGCT 

RNLGPKIIMLQRML IDVFFF 
2470 2490 2510 

CTGTTCCTCTTTGCGGTGTGGATGGTGGCCTTTGGCGTGGCCAGGCAAGGGA 

LFLFAVWMVAFGVARQGILR 
2530 2550 2570 

C^GAATGAGCAGCGCTGGAGGTGGATATTCCGTTCGGT 

QNEQRWRWIFRSVIYEPYLA 

2590 2610 2630 

ATGTTCGGCCAGGTGCC(^GTGACGTGGATGGTACCACGTATGACTTTGCCCACTCCACC 
MFGQVPSDVDGTTYDFAHCT 

2650 2670 2690 

TTCACTGGGAATGAGTCCAAGCCACTGTGTGTGGAGCTGGAT^ 
FTGNE SKPLCVELDEHNLPR 

2710 2730 2750 

TTCCCCGAGTGGATCACC^TCCCCCTGGTGTGC^TCTACATGTTATCCACCAACATCCTG 
FPEW ITIPLVCIYM LSTNIL 

2770 2790 2810 

CTGGTCAACCTGCTGGTCGCCATGTTTGGCTACACGGTGGGCACCGTCCAGGAGAACAAT 
LVNLIiVAMFGYTVGTVQENN 

2830 2850 2870 

GACGAGGTCTGGAAGTTCCAGAGGTACTTCCTGGTGCAGGAGTACTGCAGCCGCCTCAAT 
DQ VW KFQRYFLVQEYCS RLN 

2890 2910 2930 

ATCCCCTTCCCCTTCATCGTCTTCGCITACTTCTACATGGTGGTGAAGAA 
IPFP FIVFAYFYMVVKKCFK 

2950 2970 2990 

TGTTGCTCCAAGGAGAAAAACATGGAGTCTTCTGTCT 

CCCKEKNMESSVCCFKNEDN 

3010 3030 3050 

GAGACTCTGGCATGGGAGGGTGTGA.TGAAGGAAAACTACCTTGTCAAGATCAACACAAAA 
ETIiAWEGVMKENYLVKINTK 

3070 3090 3110 

GCCAACGACACCTCAGAGGAAATGAGGCATCGATTTAGACAACTGGATACAAAGCTTAAT 
ANDTSEEMRHRFRQLDTKLN 

3130 3150 
GATCTCAAGGGTCTACTGAAAGAGATTGCTAATAAAATCAAATAG 
DLKGLLKEIANKI K * 



b.) TrplO protein: 

MKSFLPVHTIVLIRENVCKCGYAQSQHMEGTQINQS^ 

ELLTQHWHLKTPNLVISVTGGAKNFALKPRMRKIFSRLIYIAQSKGAW 

AIGIAAWGMVSNRDTLIRNCDAEGYFLAQYLMDDFTRDPLYIIjDNNHTHLLLVDNGC 

QDSNYGGKIPIVCFAQGGGKETIiKAINTSIKNKI^ 

EEETESWIKWLKEILECSHLLTVIKMEEAGDEIVSNAISYA^ 

RRWE S ADLQEVMFTALI KDRPKFVRLFLENGLMiRKFLTHDVLTEIjF SNHFSTLVYRNLQ 1AKNS YNDAIiLTFVWKLVAN 
FRRGFRKEDRNGRDEMDIELHDVS PI TRHPLQALF IWAILQNKKEJjS KVI WEQTRGCTLAALGASKLLKTLAKVKND INA 
AGES EEIiANE YETRAVELFTE C YS SDEDLA^QLLVYS CEAWGGSNCIjEIjAVEATDQHF IAQPGVQNFLS KQWYGEISRDT 
KNWKI ILCLFI I PLVGCGFVS FRKKPVDKHKKLLWYYVAFFTS PFVVFSWNVVFYIAFLLLFAYVLLMDFHS VPHPPELV 
LYSLVFVLFCDEVRQWYVNGWYFTDLWNVOT^ 

RNLGPKI IMLQRMLIDWFFLFTjFAVWMVAFGVARQGILRQNEQRWRWI FRSVT YEPYIjAMFGQVPSDVDGTTYDFAHCT 

FTGNESKlPLCVEIiDEHNLPRFPEWITIPLVCIYML^ 

IPFPFIVFAYFYIWVKKCFKCCCKEKNMESSVCCFKN^ 

DLKGLLKE I ANKI K 
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